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PR KFACE

Vib rat i on .ens it i vi ty , which appeared as m,, or sljort crnin t c , n
hydrcan iu s vtern moni tors in a prev ions RI)T&' 6.2 pro ,r~im. i ; S ti,..
par imeter to bc inc I lded in the devo lopment oi a prtm -rem( i0t spt , i i i- i ,, i
hydranlic contamination monitors. The report NAEC-GSE'D-105 n(lxv.', it
Procurement Specificat ion Ior ain In-1 ine Contaminat ion Monit (,r in I it )
J I roe-standing, two-wheel ed cart for the contaminit ion monitor; l)wov,.r, in, II!
of a desire to avoid further proliferation of Ground Support 7j1 ipment ((SlI),
the NAVA I RSYSCOM opted for a test-stand-mounted in- I in. con ir it1I;m m , , it,,.
Mount ing on a hydraulic_ test stand requires the monitor to withstalnd !I( vin,-:
tion signature of the test stand making vibration sensitivity of monitrt .,
critical factor.

This report establishes vibration parameters for cont;imin~ut ion mnit
which wil withstand the vibration revels experienced on the AHT-64 h';drf,!l i,-
test stand. In comparison with other current inventory test stands, th, A!l'l-h;
emits the highest levels of vibration because it is a diesel-powered pomp utnit.
Vibration tests of the AHT-64 indicate normal vibration amplitude to be 2 C 'it
a critical frequency of 360 Hz.

A search of available commercial in-line contamination monitors and :sit,-
sequent testing of candidate models at the vibration signature levels ol I i'
AHT-64 revealed a monitor which funet ions with no distortion. The concept.
of employing an in-line contamination monitor on a h.ydraulic test stand is
feasible and vibration sensitivity data for the report NAEC-GSED-105 Ls e'sab-
I ished.

Consideration is given to appl iction of the contamination monitor to
AIIT-64 test stand. This consideration oamines requirements I or tLh,. (,Vyki l
package, location on the stand, piping, electrical and structural ch,,oos to
1icCommo"date the monitor package plus incorporates portability to a ow novw ment
from stand to stand. A listing of drawings affected in the appi i (at ion ol to'
monitor to the test stand is included plus a general statement of chM;n,es to
these drawings.

This report recommends development of the in-line contamination monitor
concept in its application to the Portable Hydraulic Test Stand, AHT-6,.

E IAvI.
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1. INTRODUCTION

A. BACKGROUND. NAEC-GSED-105 (reference (a)) established the fea;ibil Iv
of an in-line hydraul ic system contamination monitor to provide a "vt-n,,
type indication of hydraulic fluiid particulate contamination for ir, ril t
hydraulic systems. Vibration sensitivity, indicated as a shortcming in
NAFC-;SED-105, became a critical fact',r when the Naval Air Systems Commnd
(NAVAIRSYSCOM) rejected the free-standing, two-wheeled cart concept proposed
for the monitor and opted for an AHT-64 hydraulic test stand (reference (b))
mounted monitor. An in-line monitor thus mounted must withstand the vibration
of the AIT-64, a diesel powered test stand with a nine-piston axial hydraulic
pump experiencing high levels of vibration.

B. OBJECTIVE. This report provides engineering data establishing the
vibration signature of the AHT-64 hydraulic test stand. The report also
provides data indicating the ability of candidate contamination monitors to
operate satisfactorily at the vibration signature levels of the test stand.
Further objectives are the examination of locations on the test stand for
an in-line contamination monitor, selection of the optimum location and inves-
tigation of the various factors involved in the development, fabrication and
application of a monitor package to the test stand. This application objective
is to provide a suitable monitor with simple operation and "go-no go" indi-ation
of hydraulic fluid particulate contamination. The application also cxamines the

feasibility of interchange of the monitor package from one test stand to anther.

C. APPROACH.

1. In order to fulfill the foregoing objectives, the feasibility for cat-

ing an in-line monitor on the test stand was investigated. When NAVAIRSYSCOM
opted for a hydraulic test stand mount for the contamination monitor, a study
of possible locations on the test stand was initiated. Evaluation of possible
locations on the AHT-64 hydraulic test stand, the selected test vwelile for a

stand-mounted contamination monitor, indicated a rear-mounted monitor location
to be most feasible. Rough sketches of a proposed concept for this location
are included in the body of this report.

2. Examination of requirements to satisfactorily locate the monitor on
the rear of the AIIT-64 indicates a modification of the test stand piping,
electrical system and support structure is necessary. Modifications are
detailed in Section II.

Ref: (a) NAVAIRENGCEN Technical Report NAEC-GSED-105 of 14 Jun 1977:
l)evelopment of a Procurement Specification for an In-line
Contamination Monitoring Unit, Final Report (Prepared by

V J.J. Coyle for NAVAIRENGCEN).

(b) NAVAIRSYSCOM Technical Manual NAVAIR 17-15BF-66 of I Nov 1977:
Portable Hydraulic Test Stand, Diesel Engine Driven, Operation
and Maintenance Instructions with Illustrated Parts Breakdown

(Teledyne. Sprague Engineering).

5
5t
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3. A literature search of available commercial particle contamination I
monitors was conducted and characteristics compared and evaluated. Support

re.iiirements for these monitors revealed the necessity for providing a motor
pLump ,unit, an inverter to provide 120 VAC of sufficient wattage to power both I
meLer pump unit and monitor, and a debubbler to extract entrained air from

the return line of the aircraft prior to passage through the monitor transducer

or sensor.

4. With required components established, selection and packaging of
these components in a minimum size package was investigated. Component

irrangement was developed, and a package design concept formulated. A
l isting of primary components of the monitor package is as follows:

a. Transducer I
b. Electronic Signal Analyzer

c. Hydraulic Oil Pump

d. Electric Motor
e. 28 VDC to 120 VAC Inverter

f. Debubbler Unit

Assn,,bling these components into a package 18 inches wide by 18 inches high I
by 12 inches deep appears feasible. Figure 1 is a representation of the
-ortimination monitor concept as applied to the rear location of the AHT-64

lvdraiulic test stand.

5. The package concept requires hydraulic quick-disconnect type fittings
,Oud flexible I.ses and an electrical harness with Cannon-type connectors in I
,d~r to be readily removed and reconnected to another test stand. All of the

,'x erim:iry components are contained within the 18" x 18" x 12" package.

a. External hydraulic connections to disconnects on the test stand, I
whihl effect a bypass from the return line from the aircraft (within the
,ipn g in the stand directly behind the suction return connection port) to

the : ickavge oil pump, thence through the debubbler, to the transducer, and
Lhen return through flexible hose to the test-stand disconnect and into the

rctuirr, line downstream from the pickup point.

h. The external electrical connections from the contamination monitor I
ii ,~ to the test stand employ flexible cable with Cannon plugs on each end.

Thi, cuble brings in the 28 VDC from the test-stand altenator to the inverter,

th, !2) VAC output of which operates the transducer light source, electronic I
il:n.,! analyzer, and the pump motor. An output signal from the signal analyzer

, 1pe:it,'s a "go-no go" indicator light when desired hydraulic decontamination

',,v(-1 is achieved. The "on-off" switch for the monitor and the "go-no go" light
mJv (,ither be located adjacent to each other on the test-stand control panel or

,, ,wlre within clear view of the operator. Both "on-off switch and "go-no go"

i,,t i;Tay be mounted directly on the monitor package as long as the view pathh

,ml acccss is clear from the test-stand control panel.

I
I
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6. A search of available oil contamination monitors adaptable to in-line
monitoring has been made and a tabulation compiled indicating features such

as size, wevight, adaptahilitv for this application, estimated cost per unit
and chroim !ogical data. Discussions of the various monitors appear in
Section I I ard brochures of specifications tor each are included in Appendix A.

[he candidate in-line monitors from Table I, Page 12, have individually
vIrying characteristics. Generally, they are sensitive to entrained part icii-

latc cont aminants ranging on the small end of the scale between 10.0 and 0.5
microns, sense entrained air as particu lates, and because they use light

attenoat ion and reflection as a means of measure, do not provide a good
indication of the presence of water in the oil-based fluids. Monitors I
hiaving very small flow passages in the sensing area of the transducer are

u1)lect to blockage by large particles and require reverse flow capability
to clear the transducer. For this reason, only those monitors capable of

exceeding a minimum flow rate of 3 gpm through the transducer appear to be I
si iitable lor the "go-no go" type indication and for providing the relatively
low maintenance desired. The Mean Time Between Failures (MTBF) due to

cnta:iiinants in transducers is unknown and would need to be determined for !
ti, candidate monitors selected.

7. Resolution of the critical factor of vibration sensitivity raised f
in NAFC-C.SED-105 has been accomplished by a two-step effort. These inves-
ti.lit iv steps are detailed in Section II.

a. The first step, determination of the vibration signature of the I
ctmiipraent on which the in-line monitor is to be mounted, has been established
;nd is reported in Appendix B. The AHT-64 hydraulic test stand, during

operation, has a normal amplitude of 2 G at a critical frequency of 360 Hz 1
,is determined by test.

b. With vibration levels of the test-stand platform for a monitor I
ostablished, the second step required is to find a monitor capable of sat-
isfactory operation in such a vibrational environment. An in-line contami-
fiaition monitor has been found which does operate satisfactorily in the

!A'IT-64 vibration environment. A test report of this determination is included I
in Ap~pendilx C.

I
I
1
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II. EQUIPMENT AND PROCEDURES

A. LOCATION OF MONITOR ON AHT-64 TEST STAND. Subsequent to a NAVA;RSY'%ThI)I
decision to locace a contamination monitor on the AHT-64 hydraul ic t ; I: I.
occasioned by a desire to avoid proliferation of Ground Support Equpimu c(i
in aircraft environments, investigation into location possibilities for a-

typical monitor package revealed five possible locations on th, Lest stal:

three on the top, one aft within the hose stowage area, and one below h'tX40T
the fork pockets in a heavy steel enclosure.

1. TOP LOCATIONS. The three top locations were eliminated primarily
because of the undesirable feature of added height to the test stand hiu a so

because of structural complexity required to provide adequate supp rt, pl is
the disadvantage of relatively long hydraulic lines through arenas where tIw

lines will hamper maintenance. For some models of the available contamint in
monitors, hydraulic lines must be as short as possible because monitor ic,-1),0,n50
lags with increase of line length.

2. BETWEEN FORK POCKETS LOCATION. Investigation of the space between in

fork pockets eliminated same as a location for a monitor for the following4

j reasons:

a. Insufficient depth to accommodate components of the mniLtr

~package.
b. Vulnerability to fork tines even with a relatively heavy

steel losure to the monitor package space between the test-stand fork pocke ts.

c. If sealed against road dirt and water, heat dissipation of
motor, pump, inverter and electronics would be a problem.

d. Difficult access to the monitor for maintenance.

e. Such a location would greatly impair ease of transfer of the
monitor to another test stand.

3. REAR PANEL LOCATION
a. The location aft within the hose stowage area is most advantaeous

for the following reasons:

(I) Easy access to the monitor package.

(2) Easily mouinted onto aft pipe frame aid bedplate of trailer
f chassis.

(3) Readily configured [or short hose quick disconnects lop bhtli
hydraulic and electric lines, thus simplifying the change kit for odIpt ing
AIIT-64 stands to receive a contamination monitor.

(4) The high visibility of this location from the operator's

position at the control panel allows both "on-off" switch for the Monior
and the "go-no go" light indication of state of oil decontamination to he mounted

directly on the contamination monitor package.

9
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b. A disadvantage appears for this rear location - vulnerability to
damage by having the monitor package extend aft beyond the chassis of the
test stand. This disadvantage may be resolved by either extension bumpers in
the area of each rear tie-down ring or by stiffening all support structure I
members for the monitor package. The extension bumpers appear to be the most
feasible resolution.

B. INVESTIGATION OF AVAILABLE MONITORS.

I. MONITOR SEARCH. A search of available particle contamination monitors
revealed eight companies that produce monitors of varying degrees of applica-
biliLy for contaminant monitoring on hydraulic test stands. Of these, two
monitors were actually subjected to tests and only one of these operated
satisfactorily.

a. Cost Range, Volume and Weight. Known costs of monitors inves-
tigated ranged from a low of $3,500.00 to a high of $17,000.00. There is I
also a rather large variance in the size and weight, the smallest and lightest
of these with a volume and weight of 0.37 cubic foot and 10.5 pounds respectively.
The other extreme is over 12 cubic feet and approximately 150 pounds and has
the highest cost. Because of a desire to assemble the smallest possible con-
tamination monitor package, only those units on the low end of the size scale
were tested. I

b. Equipment Presentations. Representatives of the following monitor
suppliers have brought their equipment to the Naval Air Engineering Center
(NAVAIRENGCEN) ind/or discussed the application with NAVAIRENGCEN Support
Equipment Engineering Department (SEED) and Sanders and Thomas personnel at

the NAVAIRENGCEN: Environment/One Corp.; Leeds and Northrup Co.; Gain Rad, Inc.;
Micro Pure Systems, Inc.; and Millipore Corp. I

c. Monitor Suppliers. The eight monitor suppliers contacted for

data applicability to the AHT-64 are as follows (those who gave equipment
presentations are preceded by an asterisk): I

*(l) Environment/One Corp.

2773 Balltown Road, Schenectady, NY 12309
Attn: W. W. Aker (518) 346-6161

*(2) Leeds and Northrup Co., Microtrac Division

Dickerson Road, North Wales, PA 19454 I
Attn: F. Dempsey/R. Snyder (215) 643-2000

*(3) Gam Rad, Inc. I
46101 Grand River, Novi, MI 48050
Attn: W. E. Helke (313) 348-1005

*(4) Micro Pure Systems, Inc. 1
2 Oakwood Place, Scarsdale, NY 10583
Attn: Tonis Oja (914) 723-0896/(401) 231-9429 f

(5) HIAC Instrument Division, Pacific Scientific Co.
4719 W. Brooks St., Montclair, CA 91763
Attn: G. Shinbrot (516) 543-1310/(714) 621-3965 I

10
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(6) Spectrex Corp., 3594 Haven Ave., Redwood City, CA 94061,
Attn: .1.M. Hoyte (415) '165-6567

*(7) Millipore Corp., Ashby Rd., Bedtord, MA 01710,

Attn: R.W. Schaetfer (00) 225-1 80/(617) 275-9200)

(8) Rovco Inst ruments, Inc., 141 Jet er- n Drive , M,,nl,, lirk, CA
94025, Attn: S.P. LaVal lee (617) 891-5320/<,t I ) 3' 25-7811

2. MONITOR PART ICUL.ARS. Tab I 1 1 ists the e iht contaminit i(n monitor
manufacturers , physi ca characterist ics, mode I datI . cot whte r known , an d

pertinent chronologica l data relating to the invest igat i 1.

a. Hl[AC Particle Counter Awilability. HIAC Instrumont 1)1vi Si O,

Pacific Scientific Company particle counter PC-120 is owned by NAE and ,used
,it the Franklin Institute and NAEC Tribology Laboratory. HtIAC PC-120 was
made available tor consideration P :t for the test stand appl icat ion.
Model PC-120 has been replaced by L PC-320 which is readi lv adaptah!,-
to a "go-no go" type indication of oil contaminat-ion.

b. Static Bottled Flui, ,pectrex Corporat in laser par-
ticle counter is configured to iinants in bottled fluids (such
is beer), laser scans a static i requires a 15-second cvcle.

Spectrex did not appear interest A !ation of their produ( t t- at it
this applica iion, however, did fu :iterature on thteir produ t.

c. Extreme Vibration Sensitiv, Royco instruments Inc. rearouT1lc-
tore very sensitive particle counters -able for particulates is .mal' i as
.5 microns, capable of determining part, le concentrations, and pr'vidin>;
digital readout for simultaneous automatic counting of mult iple part ; It i ize
ranges. The Royco unit is extremely sensitive to vibration as , ,,id, ,d

the experience at NAEC in the Tribotogy Laboratory, and could n4t., idaipt d
to an AHT-64 mounted monitor pack.age. Vibration sensitivity of the 1 )dVI .0
required mount ing on a vibration isolation table even within the Triblo ov
Laboratory because of structure-borne disturbarice by rachinerv locatod- at a
considerable distance but in the same hangar building.

C. SIZING OF CONTAMINATION MONITOR COMPONENTS. NAEC-GSED-105 indicated that
the contamination monitor proposed for the wheeled-cart concept would have
dimensions of 18" by 18" by 43" high including handles, wheels and storage
space for connecting electric cable and hydraulic hoses. By locating a
contamination monitor on the AHT-64 test stand, the electric cable and lydrau-
lic hoses are reduced to a minimum, requiring eithei a very small or no inter-
nal stowage space and the steering handle and wheALs ire eliminated. With
these reductions in required volume and by optimum ir anging of the components,

a package 18" x 18" x 12" deep appears feasible, with ith the electrical cable
and hydraulic hoses normally remaining connected to the test stand. individual
components are examined for size, weight and compatibility in the following
paragraphs.

I
I ii
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1. SIGNAL ANALYZER. Of the eight monitors listed in Table I, three appear
to be suitable for possible application to the AHT-64 package. These are:

a. Environment/One Corp.

Signal Conditioner Cat # B-101-00002G2, S/N 00013
Dimensions 6.5" x 8.5" x 11"

Weight 8.5 Lb

b. HIAC Instrument Div., Pacific Scientific Co.

Analog Particle Counter, Model PC-120
Dimensions 6" x 8" x 14"

Weight 20 Lb

c. Cam Rad, Inc.
Enviro Monitor Fluid Analyzer, Model 260

FA-166 Control Station PN 2575
Dimensions 8" x 8" x 12"
Weight 15 Lb

2. TRANSDUCER OR SENSOR. The pickup sensor or transducer for use in con-
Junction with each of the above three models follow. Of these the Gam Rad
Inc., FA-128A Sensor PN 2576 is least desirable because of size and weight,

requiring more volume and weighing nearly as much as its matching electronic

control station. It can, however, be made to fit into a projected monitor

package.

a. Environmrent/One Corp.
Transducer Cat #D-1012N-007, S/N 130

Dimensions 2.38" x 2.38" x 4.50"

Weight 2.0 Lb

b. HIAC Instrument Div., Pacific Scientific Co.

Sensor Cat CMB-I.0

Dimensions 2" x 2" x 5.8"
Weight 2 Lb

C. Gam Rad, Inc.
Enviro Monitor Fluid Analyzer, Model 260
FA-128A Sensor PN 2576

Dimensions 11" x 11" x 9"

Weight 12 Lb (Approx)

3. MOTOR PUMP FOR HYDRAULIC FLUID. Of the three remaining candidate
monitors, the Environment/One Corp. unit requires the greatest flow rate, a

minimum o)f 3 gpm. The pump unit selected for the monitor package for sizing
purpost-.i will deliver 5.46 gpm at 100 psi and 1,200 rpm. Typical pumps operat-
il thii 'ran -an be purchased flange m-unt coupled directly to end cap

)f M('Lor. A typical motor for this pump requirement is 1/3 hp, 1,200 rpm and

provides a package within the limiting dimensions of the proposed monitor
package size. If the motor is 28 VDC, frame size would have to be larger to

aiccommodate the additional copper in windi =, hit the Inverter requirement
we,,id not then need be sized to accommodate the motor load. Motor pump size

proiection of 9" x 9" x 18" is predicated on use of Vickers Pump Model No.

V.'!0-5-IC-12-5214, flange mounted on a motor of NEMA frame size 182 or 184.

14
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Estimated weight of this motor pump unit is 45 pounds. See Appendix A fuIr
reprints of pump and motor data extracted from the Vickers Catalogue.

4. 28 VDC TO 120 VAC INVERTER. Sizing of the inverter required to

operate the monitor package is based on a demind for 115 VAC by three 1u1its

in the monitor: the circulator pump motor, the signal analyzer and thOe trais-
ducer or sensor. in each case of the three candidate monitors the transducer
or sensor is powered through the signal analyzer. The maximum wattage is 150
for Gain Rad's "Enviro Monitors", the minimum 10 watts for Environment/One.
Allowance for the 115 VAC pump motor and the analyzer transducer package ot
500 watts total, with a 2-to-I surge capability for starting the motor, is
planned. For planning purposes a DC-to-AC inverter, Model 1172 heavy-duty
500-watt square-wave inverter, manufactured by Wilmore Electronics Co. Inc.
(see EEM/1980, 81 p. 3495, Vol. 2), is selected with dimensions of 7" x 8-1/2"
x 11" and weighing 32 pounds. A reprint from the EEM catalog is included in

Appendix A.

5. DEBUBBLER. During particulate decontamination of an aircraft hydr.-iul i
oil system, entrained air in the return line is read as particulate matter by
contamination monitors; thus any gasses must be rcimoved before the oil passes
through the transducer or sensor. To accomplish this, a debubbler installed
in the line upstream between the return line and the sensor will vent trapped
gasses. A typical debubbler or deaerator requires a vertic:,] cylinder approxi-
mately 4 inches in diameter by 14 inches high and weighs approximately 14
pounds (with syst*m full).

D. SIZING AND ARRANGEMENT OF CONTAMINATION MONITOR PACKAGE. An estimated size
for the monitor of 18" x 18" x 12" deep appears reasonable based on the size
of commercially available components. Packaging of these components within
this space is tight; however, by mounti-g units on bottom and back only, with
front, sides, and cover removable, access to components will be adequate. All
vertical faces of the container, including the door, will be louvered in order
to dissipate heat buildup from motor, pump, inverter, arid debubbler. Figure 2
shows an arrangement whereby the components may be contained in the proposed
package as well as a representation of the monitor package as applied to the
AHT-64 test stand.

E. REMOVAL AND REPLACEMENT CAPABILITY. In order to provide a monitor package
that can be easily removed and replaced on the AHT-64 test stand, a change kit
needs to be developed for attachment to the tes, stand. A typical change kit
provides a mount for the monitor package which rests on and is bolted to the
bedplate of the chassis and is bolted to mounting lugs welded to the component
assembly bridge. Figure 3 shows the location for the -nounting lugs on the
component assembly bridge and the area for bolting the support to the chassis
bedplate. In order to provide ventilation from the p and filter area of the
test stand, the mount employs vertical angles as stand-t, Is to allow for this
ventilation and also to provide space to bring out lines for electrical and
hydraulic connections. Figure 4 shows a conceptual arrangement of this mounting

* method on the AHT-64.

I
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Figtire 2. Contamiintion Monitor Arrangement on AHT-64 Test Standj
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MOUNTING LUG WELDED
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TUBE 68A4-D63
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MOUNTING HOLES
FOR VERTICAL SUPPORT
BRACKETS

Figure 3. Mounting Lugs and Attachment Points to AHIT-64 Chassis
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I. ELECTRICAL CONNECTION. The change kit necessarily includes :i wire

harness to connect the 28 VDC output from battery/alternato- system t(' a
Cannon plug on the exterior of the stand behind the location of the cortaini-
nation monitor. A mating connector from the contamination monitor then
connects the monitor to the stand.

2. MONITOR-STAND HYDRAULIC CONNECTION. Hydraulic connections from the
test stand to the monitor include two hydraulic lines tapped from tees in

the hydraulic return line within the test stand (behind the return connec-
tor from the aircraft)to quick disconnects on the stand behind the monitor
package. Short flexible lines extend from the monitor couple to these
disconnects for the pickup and return flow through the transducer. The return
flow from the monitor transducer is to the downstream tee in the low-pressure

return line.

F. ELECTRICAL INTERCONNECTION WITH TEST STAND

1. 28-VDC POWER SOURCE. Electrical power needed for the contamination
monitor is provided by a line from the positive side of the battery and alterna-
tor as shown on electrical schematic diagram, Figure 1-10 of NAVAIR 17-15BF-66;
the line runs through the ignition switch to a Cannon plug on the back of the
test stand, thence to an "on-off" switch in the monitor package. The monitor
"on-off" switch is connected to the 28-VDC to 120-VAC inverter and thence to
ground. The 120-VAC 500-watt output from the inverter connects to the pump
motor and signal analyzer. An interconnection from the signal analyzer powers
the transducer or sensor.

2. POWER CABLE. To provide an easy electrical disconnect capability,
a short flexible cable extends from the rear of the monitor package for
connection to the Cannon plug on tho test stand. When the monitor package
is removed from its mount on the hydraulic test stand, the connec ing elec-
trical cable may be stowed within the package.

G. HYDRAULIC INTERCONNECTION WITH TEST STAND. Interconnection with tLhe test
stand may be made by incorporating a pickup tee and tube in tube assembly-5
of piping installation Part No. 68A4-J800-1 (Figure 9-4 of NAVAIR 17-15BF-66).
This pickup tube extends to a point behind the mounting area of the monitor
and terminates in a coupling half. The mating half to this coupling connects
with the inlet side of the monitor package pump through appropriate hose,
couplings, fittings and tubing. After passage through the components in the
monitor package, a discharge line passes through appropriate tubing, fittings,
and hose back to another coupling half on the test stand. The mating coupling
half on the test stand discharges into tube assembly-6 of Part No. 68A4-J800-1
through appropriate tube and fittings. The inter-on.,ecting hoses may be removed
from respective couplings on the test stand and moo!(a r package and stowed with
the monitor package when the monitor is to be transt, red to another test stand.

H. PHYSICAL ADAPTATION TO STAND STRUCTURE. Previous discussion and evaluation
has established the location on the rear of the test stand as optimum for the
monitor package. Paragraphs II.E.l and Il.E.2, when considering removal and
replacement capability from the rear location, refer to mounting the monitor

g 19
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packige on the tube (68A4-1l6 1-I) W the bridge assembly (68A4-J614 or 68A5-j610)
Ind to tI e rear pane I-assonh! Y top surface (68A4-F31 or 68A4-J607) of the
chassis asembly (68A4-J20 or 68A4-.J903). Lugs welded to the tube (68A4-D63-1)

will absorb horizonta ' forces imposed at the top of monitor mounts, and vertical
loiads wi I h absorbe,! by thi, top flange of the rear panel assembly (68A4-F31
)r 68A4-J607). A mountiig structure as represented in Figure 4 will be bolted
ta the u's on the bridge assembly tube and to the rear panel assembly. This
mount in.;,: tructure is fabricated from structural angles and steel plate. A
'tat il the rear end housin2, (68A4-F17) wiHI enable the end housing to be
rcmoved withut removal of monitor mounts. The cutout portion will be secured
t , the monitor mount to niinta in pre sent closure and ventilation. An external
:n ,×h.: on some mode ls of the rear panel assembly, presumably added for
St owaoce of the fill svstemn outlet hose, will he removed. Other stowage for
tilis host, may he readi !' ;Ic comp Iished.

. \INTENANCE (,ON5 I IfIRAT IONS. The foregoing modification and structural
add it ions to the AI!I-64 te ,t staind will not impair any operations of the
st Inde, ind idded stru, t,ir iTL members Ior the monitor may be readily removed if
disassemibiy is required. Mkonting lugs welded to the bridge assembly tube
do not interfere with any assembly/disassembly procedures of the stand. Other
sililport a are boltd to the chassis. Unions at the connection points to the
Ihvdrtulic suetion return I ine tube assemblies will make added piping above
the chassis hedplate removable if required during any major teardown of the
test stand.

2. OPERATION AND MAINTENANCE CHANGES. Maintenance and operations are less
conveniewt wit' the addition of the monitor package to the stand. The high-
pressure filter will be more difficult to change and attachment of the coup-
ling end to the suction return connection port will require the operator to
secuire same from a squatting position. The present stowage arrangement on
the test stand for pressure outlet and suction return hose is not compromised
by the addition of the monitor package. The hose storage manifold and valve
wili be more convenient to aise if rotated 900 with the valve handle extended
ift rather than clown. Provision of bumpers on the aft panel of the chassis
:ind i neiltion of the monitor package will negate vulnerability occasioned by
this val%-e' rotation.

3. TEST-STAND PARTS AFFECTED. A listing of test-stand components
,equirini, change to accommodate the in-line monitor and a description of
Ihe ,hange is indicated in Table II. The part number column lists those
part numbers for Teledyne Models 68A4-J600 and 68A4-J800. Where duplica-
tion items appear in the description column, these are to accommodate the

oifferein,,es between models.

20
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TABLE II. TEST-STAND PARTS CHANGES FOR MONITOR

TEL EDYNE
DESCRIPTION PART NO. CHANGE TO DRAWING

Bridge Assembly* 68A4-J54 Add welded lug for monitor support
.. * 68A4-J55-1 of . .If . .
.. * 68A4-J614 of . .It . .

Chassis Assembly 68A4-J20-9 Show added holes for support brackets
. 68A4-J607 " [ If . .. .. .

' 68A4-,1903-1 Show reqd holes for support structure

Component Assy Bridge 68A4-J613 Show welded mounting lug on drawing
It to It 68A4-J902 it if.... .. .

Component Assy Rear 68A4-F612 Show cutout, remove reflector and
Housing hose storage

Hyd Test Stand Assy 68A4-J600/ Modify sheets of assy to show monitor
-J800

Internal Component Assy 68A4-J2 Change view sheets 4, 5 and 6
" " 68A4-J601 " " " 2, 4, , 6 and 7

68A4-J901 Change B/M and view sheets 3, 4, 5 and 6

Piping Installation 68A4-H731 Add tee in tube 68A4-D404-29 for pickup
" " 68A4-H731 " " of 68A4-0571-23 for return

68A4-H913 Change elbow MS51521820 to tee for pickup
68A4-H913 Add tee in tube 68A4-C921-l for return

Rear End Housing 68A4-F17-1 Make cutout for clearing supports, remove
hose storage box 68A4-C16-i, remove right
hand reflector from housing

Rear Housing Assy 68A4-F610 Change view to show changes on 68A4-F7-1

Rear Panel Assy 68A4-F31-l Add bolt hole for mounting bracket on
top flange of -11, add bumper extension
brackets and relocate tie-downs

Right-Hand Side Panel 68A4-F21-1 Add mounting bolt hole to 68A4-608-1
Assy top rear

Wiring Installation 68A4-D741-1 Add connectino ible to monitor switch
" " 68A4-D586 " ... .. ...

* These 3 assemblies have lug welded to tube, bridge assy 68A4-D63.

I I2
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1. EVALUATION OF CANDIDATE MONITORS

I. GENE RA L. In paragraphs I1.B and II.C, investigation of the eight
candidate monitors revealt-d in a data search eliminated aIll but three models.
1etatiLis ot all 2 i 'ht candidates are I isted in Table I and reasons for rejectt-
ing five discussed. The ren ining three were considered for their size,
weight and ( ,mpatibil ity in a proposed monitor package. Of the three can- i
didate monitors, the Environment/One Corp. signal conditioner and transducer
were the only units which had been flight certified and had seen service in
the, Navy's A-7 aircraft. Also the Environment/One unit is the smallest and

'titest . Port inent data of these three candidate monitors appear in Table ilL.

2. AlIXilIARYCOMPONENTS AND PARAMETERS. Each of the three monitors
require an MIXiliary circnlator pump, a 28-VDC to 120-VAC inverter, and a I
dt.bubbler to extrtat t entrained air from the hydraulic fluid in order to be
Adtipt ib!e to the AHT-64 test stand.

1. Power requirements for each of these monitors is of relatively
.; iht significance in light of the fact that the pump motor starting torque
demaids :in inverter capable of providing an estimated 500 watts at 120 VAC.

h. Contamina rtion monitor package size and weight are very nearly the
tano tor each of those three monitors since the motor pump unit, debubbler

Ind inverter account for approximately 65% of the package volume and approxi-
mnatt iv 85, of the weight.

c. Opi rating pressure for these monitors in the AHT-64 aircraft
r,turn line environment will always be less than the lowest rated pressure
oI L he t h kC monitors.

,!. Shock will not be a critical factor for this application because
the mass of the test stand will effectively attenuate imposed shocks below
critical levels of monitor components. Any revealed sensitivity to shock
may be readily cushioned for such small components as employed in the monitor
pac'ka ge. Vibration as a factor influencing performance of in-line contamina-
tiu'n monitors is discussed in the following paragraphs.

j. VIBRATION SIGNATURE DETERMINATION OF TEST STAND. The vibration sensitivity
,,i tc.d out as a deficiency of in-line contamination monitors in report NAEC-
',aID--lh has been overcome through a two-step process. The first step of the
;Ircw,-s is determination of the vibration signature of the vehicle on which
t ie (.ontamination monitor will be mounted. The second step is determining

,, cpability of candidate monitors to withstand the vibration levels of the
rrving vehicle. The following paragraphs present the findings of the vibration

signaLtiir, investigation of the AHT-64 hydraulic test stand. The AHT-64 was
s, letkd is the vhicle on which to mount an in-line contamination monitor
Iwc, ;i, of all tile mobile hydraulic test stands, it appears to experience
the highest level of vibration. This high level of vibration is caused pri-
air ilIy v the diesel engine drive of its 3,000-psi, 28-gpm, nine-piston
''Imp. Also the AHT-64 is a high inventory test stand.

22
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TABLE Ill. CANDIDATE MONITOR EVALUATION

ENVIRONMENT/ONE GAM RAD
TYPE DATA - SIGNAL CONDITIONER/ FIAC ENVIRO
COMPONENT TRANSDUCER PC 120 - _MONITOR

Volume: Analyzer 0.352 Cu Ft 0.390 Cu Ft () 445 Cu Ft
Sensor 0.015 Cu Ft 0.002 Cu Ft 0.631 Cu Ft
Total 0.367 Cu Ft 0.392 Cu Ft 1.076 Cu Ft

Weight: Analyzer 8.5 Lb 18 Lb 15 Lb (Approx)
Sensor 2.0 Lb 2 Lb 12 Lb (Approx)
Total 10.5 Lb 20 Lb 27 Lb (Approx)

Pressure: Operating 100 Psig 85-3,000 Psi 250 Psi (Approx)
Test 600 Psig - 325 Psi

Operating Temperature:
Analyzer 2000 F - 1900 F
Sensor 3500 F 2000 F 190 F

Input Power 117 V 110-240 VAC 117 VAC
47-400 Hz 50-60 Hz 50-60 Hz
lO W 40 W 150 W

Sensor: Shock 15 G
Vibration 50 G at 2,000 CPS -

Analyzer: Shock 15 G (on board -
model only)

Vibration 2.2 G at 3,600 CPR1
Particulate Range 2 + PPM 0-100, 0-300, 50 PP6 to 50K PPM

0-1K, 0-3K PPM

Flow-Rate Range 3-20 Gpm Uniform flow rate 0-75 Gpm

II

Cost Per Unit $3,500 $510,000 (PC-320) $3,150

I
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1. COKMECIAl. TEST COMPANY SEIECTION. A number of commercial companies

were contacted to pro'vide, monitoring equipment for use by NAVAIRENGCF N
laboratory personnel. Respoose was extremely varied in cost both for purchase
and rental of equipment with lead times extended and costs high. The

NAVAiRENGCEN Test Department Electronic Division and a number of commercial
testing companies were requested to quote on performing vibration signature

aalysis of candidate AHT-64 test stands. This service was provided by:

Vibration Specialty Corporation

100 Geiger Road, Philadelphia, PA 19115

The vibration signaLure analysis is reprinted in Appendix B.

2. VIBRATION _SIGNATURE ANALYSIS. A vibration signature analysis of

two AHT-64 hydraulic test stands was performed, one at Naval Air Engineering

Ce nter, Lakehurst, and one at Naval Air Station, Willow Grove, PA, (stand 143
jAd 117 respectively), to determine existing vibration amplitudes and frequencies.

a. Vibration energy was monitored at seven locations on the test

stiind as shown in Figure 5. Signatures were recorded in the horizontal,

vertical, and axial directions under idle (1,000 rpm), full-speed (2,400 rpm),

loaded (3,000 psig), unloaded and transient conditions. Each signature

(see Appendix B) shows vibration amplitude in G acceleration versus frequency

in Hz. The amplitude (vertical scale) is logarithmic with full-scale equal to
I G or 10 C as indicated. The frequency (horizontal scale) is linear from

zero to 2,000 Hz with 4 Hz resolution. Described in the heading are test stand

number, test i, sition, total overall vibration level, various instrument
se, t ings, ,mid test stand operating conditions.

b. Vibration amplitude response varied by a factor of two or more

between the two test stands due to structural integrity differences, not input

ner,-; differences. Vibration frequency response was consistent on both test

,tonds - that is, 360 Hz was the major source and response frequency.

c. Basically all input energy was measured at positions 6 and 7,

Figure 5. Test position 6, Figure 5, was the hydraulic pump, where loaded

(3,000 psig) and unloaded (zero gauge) pressure variations were tested.

Measured and recorded were the change in vibration energy levels produced

by the two conditions.

d. Stand 143 showed a considerable increase in vibration (almost

double) with load (see Appendix B, Figures 20 and 41). Stand 117 showed

vcry little increase (about 10 percent), as seen in Figures 60 and 77 of

Appendix B. The major vibration frequency was 360 lz, or nine times the
operating speed (2,400 rpm = 40 liz). It was determined that the pump had nine

pistons working oxially, which explains the high ninth harmonic response in

ill .est positions, predominantly in the axial direction.

e. Test position 7, Figure 5, was the diesel engine on both stands,
iotating at 2,400 rpm, with or without pressure load on the pump. The

engine vibration levels recorded on each stand were v'ry similar, and there

wereo no appreciable changes with pump loading (Appendix B, Figures 22, 43,
62! and 7h). The major frequency source from the diesel was the 40 Hz signal

and i.he a,;sociated harmonics.
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- t r wot i i r, l b t ion respon so Wa mn soured and its f requency
, .n i,,: tt (I ot ordtd at five di fferent Iocation. on the AHT-64 strut--

to. Ritm,,mler . li. no , i rcqlcny on a I I s ignnatules on both test stands
~'js Ihtt Itz

h. h i i It, -, i ampI itude response (2.2 C) on stand 143, was at
S.F in , rc, ) (Ainodix B, Figure 36), which is the underside of

t r. e rot i 1u .f the .-tand. A level almost equal to this (2 G) was
ri1,d i; th.t xiail dirct it at positions I and 3, Figure 5 (Appendix B,

I _6ut' in ,,d 32) . P,sitionis 2 and 4, Figure 5, showed levels around 1.5 G
' i. I!, li trios 29 a'ind 35).

i. ' comparison, test stand 117 had the highest response (7 G)
it ps,, ition 4, .i ,,tre 5 axial (Appendix B, Figure 73). The next highest
i,.,pon.; on stand 117 was 3 to 4 G's (stil I higher than 143) at positions 2

iglr~, 3 3 (Apptendix B, iti,,ures 67 and 68). Positions I and 5, r-igure

, ', td i vt.e l1s ,rouind I to 2 G.

t. The only explanation for this drastic difference in response

1,.tw. oe two test stands would be the way the control panel is connected

t, tair, rib .striwture at those points. In other words, stand 143 is stiffened
hv the rtis c Ln,'. rigidlv connected together by the control panel, and stand

i,7 is less rigid by being loose or possibly not connected at all, thereby

a i ,i rom this center point to vibrate excessively. Upon examination, bridge-

issimblv itunting bolts were found to be loose and several welds on the bridge

ANAIYS' S SUMARY

1. 'Tie excitation energy on each test stand was similar, producing
Snimii.r frequency response. However, the amplitude response was different

!.v it -:tt r of two or more. Therefore, the instrument package which is to be

,i the AHT-64 structure must be able to withstand vibration frequencies
it .n..l etU liz. However, the amount of vibration energy it must withstand is

' I , ! (i, lest ion .

h. it we assume that test stand 143 had "good" structural integrity
-i(! no'2 t) [urther rt-inf orcements, etc., and we assume that test stand 117
. Itt bc 'ixed and/or reinforced enough to respond similar to 143, then the

,.v,,itit h,' vibration energy which must be withstood by the instrumentation would
,m imountoed on the rear of the stand below the control panel (positions

m d i ,!i Fi tt!re 5).

. VIBRATION TOLERANCE OF MONITORS

. Aiter de: ermination of the vibration signature of the AHT-64 test

i, .ond ,srctive test-bench setup was devised which would allow candidate

,it lioat ion monitor components to be gradually subjected to increasing
,;,1t tdtest at the critical frequency of the AHT-64. This test bench enables

r:,.iittrs to be tested for their ability to perform satisfactorily in the simula-

ed vib rat inn environment of the AHT-6i,

". ''i,,.s, tou;t, indicate that an in-I ine contamination monitor does exist
wii ,i w operat, sat i,;Factori ly at the At'[-64 hydraulic test-stand

26
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vibration signature. Procedures, resul ts and i I ustra t ions of thi test-bench
setup are included in their entirety in Appendix (. Of the three mont,,rs

selected as applicable, two were made available for tests. Of the two which

were tested, one proved satisfactory and the other could not be tested

adequately because it was determined to be inoperable prior to :nv vibration

excitation. This model, the HIAC PC-120, is no longer matuufact ,l r( and hIas

been replaced by a Model PC-320 which can be provided with a ii-, closure
device for automatic shut-off at a predetemined degree of f l,ad particulate
decontamination. Vibration sensitivity of PC-320 is unknown.

2
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III. CONCLUSIONS

A . )Ltoriinat ion of the v [brat ion signiatutre of the AHT-64 hydraulic test

stand provides i~mpl itiide and f requency data required to complete the hydrau-
II ic' Contamination monitor specification in NAEC-GSED-105, Development of a
PrOCUrement Spec if ic t ion for an in-Line Contamination Monitoring Unit.

B.- A comimerciail in-line Colltaminat ion monitoring unit has been satisfac-
tor'ily tested for- operaition at the critical frequency and amplitude of the
AI!T-64 hydraul ic test stand.

C.A C oat mino t Loll Wo'litor par ckage ConICeJp has been developed whi ich is

:adopa b e to the AIT-64 hydro -iic test ,tanid.

D. Pite modification if AHT-64 test stands to incorporatk, an in-I 100, contami-
.vt~irl monitor is compatibte with present operation and maintenance procedures

of He test stand.

28I
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IV. RECOMMENDATIONS

A. Development of an in-line contamination monitor package is cecommendd.
This will include assembly of primary components inf a cormnon enclosure,
mounting on a test stand and operating for an engineering evaluation.

B. It is recommended that concurrent with development of the im-line
contamination monitor a modification kit be developed for adapt ition of

the monitor to the AHT-64 hydraulic test stand.

C. The vibration signature data contained herein should be added to the

procurement specification NAEC-GSED-105, Development of a Procurement
Specification for an In-Line Contamination Monitoring Unit.

I
I
I
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APPENDIX A

MANUFACTURERS' DATA FOR CANDIDATE
IN-LINE CONTAMINATION MONITORS

The manufacturers' data is presented in the

following order:

Gam Rad, Inc ............................. 32

Environment/One Corp ..................... 38

HIAC Division, Pacific Scientific Co ..... 48

Leeds & Northrup Co ...................... 55

Micro Pure Systems Inc ................... 62

Royco Instruments Inc .................... 67

Spectrex Corp ............................ 72

Vickers Inc .............................. 78

Wilmore Electronics Co., Inc ............. 80

3 o
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Introduction to Enviro Mlonttrs

n'.'v,ro Yonito' -iescr'es iseries -of va- e' juil:

that are rdv'1ed, nto three major reatejor es

Sinqie ;)3rameier .

This partial list of parameters 'Jet Chemysrry C,
indicates the many instrument A single Series 500 and earn -rarne djS -- -n-7-/

systems available in the Enviro -'.onitor p-rovides !r'e samre totai It,,~i ,1-59 3eri'-3' er us

Monitor line. If your particular are 3available to 'ulfill the need 'or single Dr "unuran re i'

requirement is not listed, don't toring. The Series 2000 Wnet Chiemisry Enviro 1,1onit'~rs 3re 3,,d''

hesitate to contact the factor', able for applications tha't reoujre corilx sarroie "eat.mtWt r o

for recommendations, to measurement.I Enviro Monitors offer singie-source ocaabl, ti 'or -onito-Ino

AMMONIA all water quality, parameters. This reans , "crt nstrcjr'e.t -e',u re-

CACIMments for measurement 3ndor control Df n !-erte,'t or

CALIUMprocess vater quai+I,, can be satsfie'j D , a ,,,tjrce 1 -3

CHLORIDE Inc. Envro Mlon'ors jnijze state o)f 'he art ieccro:-'cs ~
CHROMIUM, HEXAVALEN tchoig' to orovide -.he pest ootilrn v~~

CONDUCTIVITY

COLOR

DISSOLVED OXYGEN

DISSOLVED SOLIDS
FLOW

HARDNESSavi

NITRATEg ~~NITRITE w~Y~
OPP

C T HO P1-ISPH ATEI)
POTASSIUM

RESIDUAL CHLORINE
SELETIVEIONEnviro Monitor Benefits

SELECTVE IO arouna to -nix andi msni nstrumen's -. " t
SODIUM the past. 8,, soecifwi Enviro %lorinrsru oUeriet', I, -,3r, vs ~s

SULFIDE For exr -tole, single source -anab''z' 31SO -ecans 31i'sq Se C-

SULFUR DIOXIDE ~~sponsibilit'i You no ionqer nave zo oe*r. Ov''cn t

SUSPENDED SOLIDS Further benlefits 3re jerived ;-,)m contriut, In '-aCkaqir-

TEMPERATURE electronics. materiaiS. Constrato power e''ir"C5. aocu,,
and cutout StarardiZatior "St",,:-:on 3n-c Sen%' Ce '7'"JaI, Vn0

TURBIDITY" most of al: yv Integrazea *et.: Ir3l Msistance 2 'eoiq V'

conceot, we af~er -gmieerin . ;cecifcrtions 3r,1 31on s t-or ,ana
sheets.

For over ten /ears 'Jam Rac -,s -ranu~ac-.'ure' -0'~et
Meets EPA design criteria, meet cu,.stomers needs. T-hat ser, re s toiirs i'nr~, nijsxqD

don t have to setile 'or off the-inei ns-jmC"5 r? '-?: ;lcec~ai
requirements. E:,viro Mvonitors nave :ceen -,esionea ~0jr'er --Atom

instruments at -ff the-sneif orces.

1918 5v Gam. FROO "iC.
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GAM RAD IS

a diversified, multi-oroduct comrany that
has been producing water quality monitoring
instrumentation for over a decade. With the
expanded ENVIRO MONITOR line, wd are ENVIRO MONITOR BENEFITS...
now prepared to solve all of your water qual- Single source capability also means single
ity monitoring needs. source responsibility, and that means benefits

Our business is building these instruments, like these:

at competitive prices, to meet the needs of Compatible instruments, physically
our customers. and electronically

Continuity in packaging, electronic
materials and construction

Standardized readouts and outputs

Standardized input power requirements

Integrated technical assistance

I
I
I
I
I
I

IF YOU'RE IN NEED OF OUR EXPERTISE IN WATER 0. LJTY MONITORING,
CONTACT OUR LOCAL REPRESENTATIVE OR FAC! -iRY PERSONNEL.

reoresen red y

46101 Grand River
Novi, MI 48050
313/348-1005
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____GAM RAD, INC.
a UZ79 fK3Monitor suspended solids turoidity, in proces stemsR

these accurate dependable instruments. Dsgrrto-e

ance

Model 370-A Fluid Analyzer
'0P -o 0 -CO P~I Dtai '3nge

'he MAodel 370 A as eta Ic '1joc;cations iem-'rno.-.g -c jt'st aic

'4 acy barlic artv -to :v!-3 -ite, as -o one part per billion
'1 d'centrsitions 3c'Caj vszerrn lcroD' tts ws -031 ,grr osar :'Ja,

detecto r a argern 'or -? r-oe _ *a Meis~res 2r'scattered a

Model 260 Fluid Analyzer

' -'K 'C31 3 rI ge

.~-c~or e aI 'rgl gort cearr single detetorOCa- 3 s-
q r.. c3t'.Crsi, g I L-1 cfl 'anSiti,ty s 50 parts per

'3 a!n . c3o' nesi -. meosre rarsm~zlea 11,0 .aOsdC()rCeI *re'ri
- :e -or '0 3riC'S rre, ess senst ty aind rarge s -

Model 150 Fluid Analyzer

D 1J0 : c2 200 PPM, 5 'Otal 'aoge

_- 'aa 0t-ei .z0 s oarlicii,ar y ijitec: Cr ieav er zoncentr3t or'S -o 0

L o o lirds. bnere? ire no .mtations onr ?low ate necause or or-oe
oraQ style Measure ight scattered at 130' oacu scatlereci) ,or' Sus-

Oef lded solids Mlay be nstallea n :OrOcess nes ofany sze )r n ajnks .-r

,essels BULL.ETIN T' 300

Control Station1

oo--c, 3tatr nVd~ Leotaour. r'eas..'rg and :octror (:rCuttr',

a :t . g'a, :onnrectnons -or eaco or "-a acove

31, -tte aoacnr -37ote :.-o sOC -

roaro oanei 7io te_' style iflc~rr bC0 te
3; 11 101 r.] S ::u'e :'o ' 3 u. oar: meter

-touf liong ."t, :ont'oi r tcr'eS )r':: a rt

'usTENTS ISNINO
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General Features i Typical Uses
monitor and rontrol -

The Modeis 260 and 370-A are nloy FILTER EFFLUKNTS
thru instruments rated at 75 GPM withCETfuE
less than 2' water pressure drop 21,''CNRIJE
sanitary fittings are standard and flange CLARIIIERS
fittings are optional. The Model 150 has DEMINERALIZERS
no flow limitation. This is determined oy CUBR
the line size into which it is installed I t.SCUBS
also, is available with 21'' sanitary or POLISHERS
flanged fitting. ( THICKENERS

All Fluid Analyzers are rated at 250 PSIG MIXERS

oressure, Temperature maximums are
1-10' F for Model 260 and Model ISO0 CLARIT-Y
and 190' F for Model 370-A. All may oe U[CS
equipped for up to 450' F service. EU IN

CLOUD AND FOG POINTS
All models feature condensation proof PRECIPITATIONS
windows, electronically controlled lightRECIN
source and temperature stabilized detec.' RACIN

tor cells. SLURRIES

I Okll vsettea :nmoonents are made of type
304 stainless steel. in 30dition, the flow BOILER FEEDWATER
,hnam~ers on the Model 370-A an~d 260) HY DRAUILIC OIL
are :Teflon coated. .,iternate mnaterials BE
and -coatings are available. SE

All Sensing Stat ans are 5utao'e : FPUIT WES'N

a door o utddoor installations E.dF RA f ATEI'
Ordotf nOUS-n-S 3re available for 3-' !-
Jus ioca3tionS SPENT PICKLED 'vl

Po~e reuirrne~s ?o ~7 lO. o ~ALUMINiJM S;LICATE

I ~ ~~HZ. 150 watts max. Outout signl isLTNGEETR~'
0-100 milvdlts DC adjustabie. Miliam. NOUSTRIAL 31A-72-
oere or p)neumratic uutputs are avaiiaoi SIUCON

jOther options and accessories to meet SUGAR
most process requirements. SOLVENTS

6 GAM RAD, INC.
146101 Grend River

NAt4
4

chigarr 48050
Area Code 313-348-10a5
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GU] 'T C ',DiT]ON"] i'MONITOR

A IWn v . m eMEASURMENSC, E'GE

AN IN-LINE MONITOR WHICH PROVIDES

er / c'eo 02 MEASURMENEETON MEAL ND
CORPODRAT CN NON.METALLIC = RTCtJ LATE

CONTAMINATION AND CHEMICAL,'
THERMAL DEGRADATION OF

" , - LURICAT NG OILS ANC OTHER FLJIDS
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In-line real time indication of metallic and non-mnetallic
Particulate presence and chemnicalI/thermal degradation
n oil or other fluids
Detects ferrous and non-ferrous particulates and
dIissolved Impurities introduced from within or 'rom
outside the equipnment
Provides eariy warning and trending of equipment
mailfunction
Au tomatically and continuously self-caiibrating

*Long term, maintenance free, automatic operation
*Individual outputs for particulate presence,9 chemical/thermal degradation and flow rate

I Cat. 00-1012N-007

Operating temperature to 3500 F
Operating pressure to ?t0Q PSiG
Pressure drop 5 PSI G at tI B PM

Flow Sce rate 3 tog~ 200 S

Sie23"x4.50"
Ne~gnt 2.0 tbs.

'-ested to 600 PSIG

j Cat. #0.;Gt28-0t0

Operating temperature to 2000 F
-Input Power 28 VCC at 0.3 Amps
Output 0 to 5 '/DC each cnannel
Vibration 5 g's at 2000 CPS

Shock 15 gs
*Size 5.25" x 7.25" x 3.3'

* ' Weight 3.0 LBS maxi

j Other configurations availablie

.- L ]_1C,7 0*Iz. 7, ET EL... R.AIDE

Cat.#fS. t0l00002G2

Visual output On pane1101 meters.
0 to 3 'JOC each chiannel
Input power 1t 7V, 47 !o 400 Hz, 10 Wattjs
Size 5.5" X 8.5" Xtt'I

'Weight 8.5 LS

U 39 (A 9)
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INTRODUCTION

-,e EQL,.ome it -Condition Monltor ia ',eio - -- photo sensor is moun'mrj 3diail'. ,ict a
orovern ine .aOr'Coron ",stem mnontor itews the gigh toeam at 90 *
which provides real time nr:Qpient failure -me Equipment Condition Vonitor provide thte scattering output, The
Prediction and degrad3ation rate of oil-wetted System consists cot a Transaucer attenuation sensor views the axiial
carts, )ii overheating. excess aeration. mounted in the oil lie and a Signal component of !ransmitted light. The
nadeduate flow. seat 'allutes and other Conditioner located eitner :rn-board output of each sensor is a series of

Jonormal ingime or equipment conditions, or at a remote station. For mui Pulses alternating between 'eference

tiie Ecu,riment Condition Monitor' aPoint monitoring, it continual read-out and signal. T hese are fed to a s~gnal
earv .varl-ing and trending capatbilities is not reduired, one Signal Conditioner conditioner -vhicrl computes the ratio
1-3n effect jenlutne iconomries lor the Can accommodate several ttarsducers or signal to reference amplittudes.
~ser )y on a time-snare basis.

During operation the oil (,i fluid is
reducing or etinnhatirig expensive monitored bv measuring mne !ight
Jamage to capital equipment. scattering caused bye metailic

particulates ano ignt 3ttenuation SIGNAL CONDITIONER
resulting from rlemicai hnermalmmin-izmi-g equipmment down time, degradation and non-melailic

partcultes An utpt crresondng In the signal conditioner, outputs
partiulats. A Outpt corespndin the scattering and attenuation

ednq aintenance 'o an as o flow rate is aiso provided. Uniqueseoraetanmtd othi
ceede oasis. design features which incorporate se tiors ar tamted an0r thi

internai, staoile references make the-eeti. aafiginCurt
Monitor aut.3maticaily and continuously smnotifers Anicn Pass onm- tne light

'OcIucmnq Samole frebuencv and seif-calibrating over ai1 ivstenn puises and eliminate the DC comrponent
iairs mhere S.O.A.P. Dr similar operating conditions. due to stray light and dark current.
or-oceures 3re foliowed and Reference channels compare incoming

Designed initially Oor aircraft ga reference Pulses withi a fied voiage
)p~czo ejoai errina uroine operation, 'he Eoiuioment -eference and provide con'roi signals

:ftiti~ Cita orroa Condition -Monitor c~n withstand to change the gain of the current

adverse conditions of temnoerature. ampiiers thereoy providing a
shock and vibration. continuousand automratic sei f-cali brat ing

condition.
iat'tidn to uoricatictt systems.

.e -..nert Coitmon 'Aonitor is The outputs of the flow, scattering
ja2c ,-atie 'cr irrer '' ~ uh ~and attenuation channels provide romn

;l' - lr a ui~ ir Dr-ocess :uc -,r 0 to 5 volts O Nith 3 cirrent output
at , ii ;av " 1 capabiiity of 2 milamoieres. These

Dutru ts can pa appii t0ocodtnC ,ii. monito ring mu ,tlolexers. A D converters.
recorders, cockpit -noicators or other

The '%ansducer jesigreo to accommodate on-board or -emote monitoring
3 broad range of flow rates, s normally aduloments.
mountedl crectlv ni the ftmgn cressure Two additional features include a test
.de ot *ne main ).I linen hiis modle and a -malfunction noication. The
ocation the affects -of iree air .n the retmdwilcueheSga

oil~es aode miillze causs thet :SignaOil re iniizedtoeaus mos ofthe Conditioner -*o read out the mneasurea
air is cissoived. As the oi passies scattering and attenuations levels of
tnrougn the Triansdrucer ' eauses a the Transducer references. This Provides
rotor to turn. The rotor -:ontains a check of the Monitor crcitts as well
ifumd Passages and optical refereances is the read-out equipment. The
which are aiternately olaced n an -maifunction indication, which can
optical system as the rotor revolves. activate a warning circuit. -s
The Optical oaths ..tmie sealed fiber -nitiated Ply component or Power 4aiure
o0tics to conduct Me light hTo and out or low *low rate
or? *he omt indo *r produce a might beam
parallel !o the axis )f the rotor. One
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APPLIC TIONSST AT IC'I 3
Desionsc -titally for ose as an on-board r.?al t'm- ~ ~ .

.'dicator )f the iot~c3i croperries )f ,u ::ro 00~' O3
aircraft gas turbines tne Equipment C,3ortion Monitor ;~~7
System cans be simoariv used for cortnuous or oeriodic,
ctnn-ocarej i remote monitoring of stationary gas turtbines -

versicular turbines. marine turbines, inrdustrial 'acr,,nerv,
gear boxes, fuel systems. :ran~smissions. proco ssing systems
3fld other - duomemt .ising crculating fluid svstems.

Gas To es *'r

P'Pelne E'q' '
Off Smore 7 ''--4;

AiRCRAFTPROCESSES

'A/,tary Engirnes .3rd Gear -3oxes r, sr e 'A :ra *2d~~~~Cmmercial Airlines Enrres ~trE~~ao
-feodoter GSear Soxe anal rrsmissiors ',oud C ,emnca,- c. '
3 

u ness anrd onate jets L auO ;oo rud '

ALSO FOR _gAS 71JR31NES A\ND E.'IGI.NES ,
I LOCOMNO T 1'/ ES

OFF THE ROAD EDU IIP'JEN,
TRUCKS AND BU'SES

SK- krm3ice !me Edu'2mCntr"2 tar ' - sO" es-

teCrrsUrrs. 'actorS 3S )rn22O.rt i-' ";'

EhhI I~, eas's iot' 'or oe2' 300' Cat or'% ; C Is;e-

bricatln s*Steh's Dr ster 'eciorocat7 ,3 ~ ~Cntact is vic our ic00' :atio' 0,r "' .,"3
:an .lerermr? r Eouior-e r :.,.'O.,of ',l r " ..

for 'our yoau' '-e A , - :,e 'y sz ^.ar 't'

toward 'l' e a*oc J )I" - 'g i s' ,''r

U recu,r*3""er' 3

NJaval Turtr's and -4vdraulrc svstern's ENVIRONMENT CCRP
3earrrtg Lope Systems 2773 BAL LTCIN qRC.
M 'erchsant M~arrrre EquiamentSCE CTD . '20
235ssenqer Ship TurbinesSCE CTD y'20

'-irorne ;'jel M~oricorrig l 518) 346-61,15
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THE IN-LINE OIL MONITOR AND ITS ROLE
IN ENGINE CONDITION MONITORING

George F. Skala*

Environment/One Corporation, Schenectady, N. Y.

Abstract

An Equipment ('ondition Monitor for the continuous in-flight detection
of abnormal conditions of oil-wetted engine components has been developed.
I'he system employs the principles of light scattering for particulate debris de-
tection and light attenuation for chemical/thermal degradation. Long-term sta-
bility is obtained by an automatic and continuous self-calibration feature using
internal references. An output proportional to flow rate also is provided. The
system can withstand the adverse temperature, shock, and vibration ambients
associated with jet aircraft applications. Flight tests on passenger-type, multi-
engine aircraft and on single-engine military aircraft have been conducted. A
hearirg failure on an endurance test engine was predicted by abnormal oil con-
dition readings prior to any other indications of failure.

Introduction

Until recently, an on-board real-time condition monitoring system has
been a conspicuous missing link in airborne engine instrumentation systems. In
addition to its functions of lubricating and cooling, the oil is a messenger carry-
ing information which, if heeded, can help prevent some of the 30 to 35% of
engine failures caused by oil-wetted components. Engine-installed oil monitoring
at present generally is limited to the use of magnetic chip detectors and screens
which are periodically examined for collected debris. In some cases, this is sup-
plemented by the Navy pioneered Spectrometric Oil Analysis Program
(S.O.A.P.). This cvn be effective as a preventive maintenance tool if all the hu-
man factors from sampling, to analysis, to reporting, to interpreting, and finally
to taking corrective action are carefully controlled.

In recognition of the need for continuous oil monitoring, there have
been several recent developments which utilize a form of trapping device, such
as a magnet or screen, coupled with an arrangement to produce an electrical sig-
nal which is a function of the collected debris. The signal is usually generated by
a change in resistance, capacitance, or magnetic properties produced by the col-
lected material, or by a pressure transducer monitoring the drop across a filter.

- * Manager.
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These can provide information only on what they have removed from the oili.
Also, in order to produce an output which can indicate the start of an abnormal
condition, it is necessary to know the rate at which the debris is being collected.
This requires the use of some form of differentiating, or rate of change, circuit
that would be difficult to design for sufficient accuracy on a real time basis.
Finally, all forms of trapping device require regular maintenance in that they
must be periodically cleaned or replaced.

Requirements

For sufficiently early warning, the oil-monitoring system must have ade-
quate sensitivity and long-term stability to detect a significant departure from a
long-term trend. For most jet engine applications, this minimum detection level
should be no more than the equivalent of about 10 ppm.

To present a true "on-condition" indication, the detection capabilities
should encompass all forms of undesirable oil conditions. These would include
the detection of wear metals from the engine, dirt from outside the engine, and
degradation of the oil. It also would be desirable if the source of contamination
could be identified. However, the qualitative analysis techniques that this en-
tails would, at the present state of the art, require an overly comi'x a roach,

i or a severe iimitation of the kinds of contamination that could be detected. For
example, the use of radioactive isotope tagging would eliminate the detection of
contamination originating from outside the engine. With a universal detector,
once an "off-condition" situation, develops, conventional ground-based analysis,

*such as S.O.A P., can be used to identify the contamination. A truly effective
oil-monitoring system also should require little or no maintenance or attention.
Sin. e one of the ultimate objectives of engine condition monitoring is to elimi-
nate unnecessary maintenance, the components of such a system should not

a contribute to any requised maintenance. Other, more obvious requirements are
that it be reliable small, lightweight, and reasonable in cost.

Desir.i Approach

I Because optical sensing is universal, and can be sensitive, this technique
was selected for the oil monitoring system developed by Environm( nt/One Cor-
poration. Scattered light is used to detect particulates, and the attenuation of a
direct beam detects dissolved impurities.

Optical methods have been in use for some time as sensitive fluid moni-
tors, one example being the measurement of water turbidity. The instruments

I employed for this purpose are relatively large and often fragile, or mechanically
complex, so that a new design concept was developed to meet aircraft require-
ments.

The major considerations in obtaining stability are t rrect for the
large temperature coefficients of solid-state photo detectors, and the changes in
illumination due to light source variations and window deposits. An optimum

4
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configuration is to use a single optical path, with means to introduce alternately
the oil and an optical reference, This is done by mounting the optical references
on a rotor which is turned by the flowing oil. In addition to providing the refer-
ence function, this causes the light received by the photo sensors to be chopped,
so that a.c. amplification, which eiminates effects of stray light and dark cur.
rent, can be employed.

The references are of glass, designed to duplicate the scattering and
attenuation characteristics of partially contaminated oil. Fiber optics are used
to transmit light into and out of the oil and to change its direction by 900. The
fiber optics are sealed, so that conventional windows are eliminated. Also, be-
cause of the collimating properties of the fiber, lenses are also eliminated.

The light beam is parallel to the axis of the rotor. One photo sensor is
mounted radially so that it views the light beam at 900 to provide the scattering
output. The attenuation sensor measures transmitted light. The output of each
sensor is a series of pulses alternating between reference and signal. These are
fed to a signal conditioner which computes the ratio of signal to reference am-
plitudes. Since the same light source, fiber optics, and sensor are used for the
reference and signal, all variations in these components are canceled out.

The transducer, shown in a cutaway view in Fig. 1, is 2.4 in. wide, 4.5 in.
long, and weighs 2 lb. In addition to scattering and attenuation photo-transistors
a third one is used to generate a gate signal that is used by the signal conditioner
to separate the measuring and reference pulses. Because the photo-transistors'
peak response is in the near infrared region of the spectrum, the effect of normal
oil color variations on the attenuation output is minimized.

The transducer

is normally mounted
SCATTERNG SENSOR directly in the high-

I pressure side of the
,WE SENSOR main lube supply line.

ATTENUATION In this location, the
SENSOR effects of free air in the

LG T SOURCE ,oil usually are elimi-
-"nated because the air is

dissolved in the oil. In
one engine installation,
in which aeration in the
high-pressure line was
evident in ground tests,

PA ssAGE it disappeared at alti-
SCATTERING 5 tudes above 18,000 ft

fAr F R ATTENUATION where the air separator
REFLECTOR OPTICS REFERENCE

was more effective.

Fig. 1 Transducer. The signal con-
ditioner can be mounted
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-iIn any )1] t ivii'-i i'it

weighs 2.5 1h, It :,I te. i-s

rate t0. 1, 5-ri. Ii ;,t i.mt r~p r

II IM i ) S( iita'l I n t I V11 r i r

qutc -dir-i, relatod til

"'eo is proivided,

* - - 'lie cri-/ it prin it U 11

function Indication in tht he',

of a coimpionoiit faiiluo' in tk-

Fig. 2 Eqjuipment (ondition mnoir tratnsducer 01r SIgii;!] trl

scattering output: oil tempera- power failinti, cailie faiuv are

tore, 1 80o'F. Flow = 9 GPIM. loss of oil flow. There, is also it
self-test. feativi by w hich- the

correct operation of the oil monitor and its associated reatd-ot equl.1pmril ICan

be checked automatically. The signal conditioner circuits alsi, r an he so; plieCd
on two circuit boards about 3 1/2 x 7 in. for Incorp oration in) the sanic encrlo
sure with other condition monitoring circuits.

Hfesults

A typical calibration of the, ;cat tering channel svs S.t l.A . is 5hoilo II
Fig. 2. This does nit imipl y a unique relationship hetween scattering aind pin

con tent because the size and sh ape of the particles det eimo th iiiai I, 
amounts of optical scattering. Another difficulty, in co rrelatiing is i S.0 Al.

is the question of its sensitivilto n it, ' 's vs dissoilvedl materilil- I>.i a ,'
it was necessary Ito add about 250 ppm of the Arizona liad Diust to ohlawi; :I

S.OA.P. reading of 16 [)JM, although Somie of this could cise hori diii to
tling out of the large particle-s in lfie test (it napl. Figure 2t it1,- iaf repirv'' ii

00~~~~ . w ' hvii i- the sytmI,

ATF' in(ireast mi a-tsxi

C.. ... ... LIA' A poirssiiil ' tr iaiplii-mitiiis
* . ~III livramlic sx'stcini, wheni

~4Q'...........................COinitt airf'rame ,, it a-

A - tiu mionitiring I ic ilnis

2e- . .I' * it realitY

Riverf MdA7li No. , NAXi'il 27~.uqj 191. eatiii iiiole \Id r "ise

4 (A-11 )



NAFC-9 2_146

IN-LINE O)IL MONITOR

level to 35,000 ft, and
.-A , at engine speeds from

idle to military rated
40 thrust (MRI)' The data

show no significant alti-
*, tude effect but only a

.. .. , , * 4.. + .. change in flow at differ-2 I Ient engine speeds.

05 1o 15 20 25 0 31) ,1 Data at MRT at
FLI.H NO. 5000 ft from other

Fig. 4 NADS computer output; equipment condi- flights of this series are

tion monitor, aircraft type A7A No. 2658, shown in Fig. 4. Most
NATC Patuxent River, Md. of the flights were of

2- to 3-hr duration, al-
though some were longer, representing cross-country flights to California. Con-
siderable oil was added, although data on how much and when are not available.
The flight program was continued for a total of 163 flight hours, with no un-
usual readings except when oil foaming was deliberately induced by subjecting
the aircraft to negative g loads. Carrier arrest landings were also part of the test
program. After completion of the flight tests, the oil monitor was removed, and
its :alibration checked in a test loop. No shift in calibration was detected.

A similar series of tests is now being conducted in which the oil monitor
is part of a complete engine condition monitoring system (IECM). In this instal-
lation the oil-monitor circuits have been incorporated into the Signal Analyzer
tmit of the IECM system.

Figure 5 represents data on a TF41 endurance test engine. This engine
experienced an LP compressor thrust bearing failure that was accompanied by
high attenuation and scattering readings that occurred prior to other evidences

of malfunction. The
S.O.A.P. analysis
showed an increase in

, , iron content from 8 to
29 ppm when the en-

,I 'gine was shut down.

6U, ' The engine was repaired,

A% IT I A,AA and a second endurance
4 -, . , run of 1065 hlr was

[completed. Again the
"CAT 0.4,, A I A oil monitor system was

t, GA P, -29PPM f removed and checked
S ' "' ?22 74 4, M30a V3436 on a test loop, with no

. 1111 R. N 1 1 ,, . % ,e v id e ic e o f d e g ra d a tio n

Fig. 5 Equipment condition monitor output; or calibration shift.

TF41 endurance test, engine SIN 141050
BU9, Oil MIL-L-7808, May 20, 1971.
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I ;F )l{I;F. F, ,KAIA..

'Io date, an estinated ni;ouin of 5! 0tt hr hof *'n-nvl 'ie h n r' a

been accumulated by Envirtoni,. it I(lt ', :,l-noirlntorio.' t's Istenls
some prohlens due to faulty coin meri al power suip lies in earlv iillo !,1
tioners. there have been no reported failures, majfun'bon, . ,r fa!., liarrn 0 f

properly installed systems. In addition to the TFI41, the egi's, 0! %hih the
monitor has htii,' tested inclde the TF30, U'F6. (E4. F !i 1 '. 1 l Aa"
tion testing on tht, 111,11 engines, I.M2500, TF39, and )th is is to'lTl 1111ied

('o(e I IsioI is

A field proven oli )lnard real-tinef. nil monitor for i'on j.leut

either by itself or as part of an over-all engine monitoring s'ste', is ;,nv. ;valI

able. In addition to warning of intipiot t'ailur!' of ol-wetid ' nt th,1 henefit.s include:

1) Early detection of failure modes, on development n eiies or r( 'np-
nent test rigs, before complete destruction of the failed 'nfon llits 'f I l, wilI
allow better analysis of the cause of failure.

2) Betause of the ability of the monitor to del lt exc', ;air 'i:,br f'i i

i conditions, it ('an be an aid in the developminent of air Se';arat ,rs.

3) Possible wLrning of low nil snpply by the ris'rltant increase in tIal1.
pod air.

4) Engine oil changes only when needed, instead of on art ilrarY tine
scheduli.

5) Extension of time htwein ,verhauls.

I
I
I
I
|
I
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&AnalIog Pa~rticle Counter
For 0ort.n i-cs cnS',earn ineasure- Description. Features:
-t~fi! of pjr' c es pe second, with The P0-120 is a single-crlannel particle * Read and plot (with recorder accessory)

gor uvy concur., anon ;irni! ala m. runler with an adjusltle particle size particle concentration continuously.
r~2Of ~ c- c. rnsrriold and a conli ous analog output o Automratic concentrr3.o limit alairm.

proportional to parteres-per-second though e Direct dualing of unrlcle sz7e threshold.0-',.,:00. ano 0-3000 the sensor 0'.tpuls can tOC used for aralog
p -rfices per secocnd. meter display, strip chart recorder. auto- PC-120 Flexibility:

mated data acquisition system, and the s Connected to the PC-305. PC-320 or
appictios.alarm system (panel lamp or remote Ieuce) PC-420 (shord BNC to BNC coaxial cab e).F~a aplictios.The automatic alarm crcoil signals when it receives the sign-al from their sensor and

Monloring ipper or lo~er pre-setl Oncertralion Imils provides analog outpuL Also can be used wit;,
lydfa ;c sys~ems :lean-up have been exceeded 420 *SB- Series sensor through PC-120

, e!t -a- so. oes Input may be from Ir)e standard HIAC 'CM-i sensor cable.

rittrkenous liquids sensor powered by :Me P'C-1 20 (with sensor * Can be 'prime calibrated* in the tield.
- as remote as 1 000') or by other HIAC e Digital count equivalent onl strip chat7urbine wbn calirg oils rcre eycoet cul lwrt

coumru--~jignters (PC-305. PC-320 or PC-520) Four aelard tet cloe townua. fortJP- mnun~.~ngpuShbutlonS on the panel face select particle * Selected interval recording leave PC-120
Testing concent.,a,o- range. on; connect strip chart recorder 1hrougn

'Ier Lnit s,sems lone sensor upstream, hP-2. pral n anb afrc ordinary percentage timer,
nnadngois mouted * Multiple sensor selector switches are

hr~aig do moutedavailable.
Hldra...h !,dcs a Sensor can be remote to 1 000 Standard

Cci~er~scableris 5 long. -

sin Is, arc !es: sands * Sensors rated to 3000 psi and 200-F.
w ki No adjustment required for varying colors

F. -~ of liuids.

ANAEOG 251

I PA~~ ~~r
7O~~ 20 5

-. -- HIAC-
DIVISION

Pacific Sctentific Compary
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Bulletin 7633
HIAC INSTPUMENTS DIVISION

PACIFIC SCIENTIFIC
PC-320 SERIES CTEON

PACIFIC SCIENTIFIC !NTERNATIONAL LAB or FACTORY USE

"CRITERION", MODEL PC 320
PARTICLE COUNTING AND
SIZING ANALYSIS SYSTEM

EXCLUSIVE FEATURES

* Designed to oe The nucleus of an integrated
oarticle analysis sy~stem

* SiK full c ieis may be excianded to nine or
even Twelve channels

* "Direct Diai" size threstioldsq0 Full range calibration in every crianrel

0 Sample may oe oefined by~ volume, time, or

-i nre-set oarTicie count

0 ; 3olid state zonstruction :nc~uding -roto

iN e Sarmoes ma'y oe run .-et or :orv Nit," -o

eiectroiyte neeoedI

* Data s available in print out form f requreo

* Total, Delta operation wvith, the flip of 3
swltcnl.

--e .a-' ' on -1arce zze snslite- Sensors are comoact 2" x 2" x 5"' N'th ultra

05 :,. "Cs, 'rret: S '"oe near calibration Sensors _-3n 08 1ocatec as 'ar
3v,- ) e -r -jre, is1000 'eet 'rom *re :oun-er f niecessarv y

'-w niv neasurtis d"r, -. s -i;;: nc 3ci~Tior. -nuitioie iensors .vithr selector switcn
.ojunti ',ie n is ani is .. eve:,?"' :ze :311 -P )sec. ovc~aI sensors for -se ,vit,

-U.>,; -U* cOes i- .rQ-3! sC3 -,orricsi-,e ruids 3re 3150 availacie.
~ .'~ ,se ,' .. ss'C ,r''.- iocition -a -i'ese -eatures tne Mooei

f -"t Lut --'s.", ar': :oioir ~ 22 s ;ud -o etler sample :cottle or

'-Cu ;C",;': " -" - - ca , Sn r 71' S'3r" 'li -,SiS overy jnit s lactorv :-aii

-))s I" "'5r, N 31 -. ,, ,;rvsec irl .Siectron~c inri -eererce 3zanoarcs

3' . r" 3,3,'3iaoe

:cv -'.s e " ,' i e ,,-! ._ a,; ..-' . -L3 'a G(0 -XrOr$ _3n 'ce

-e3. is - S y* D7i'u iccjrate-v :ounrc; An1j ;izci *v"n -- 3 orooer

'v0 "' ,e ' '3'7CSanscirl.r~ t ire )r -mOcu Sir zonstruction 'or

qri.o'q), r'r 1 31< C - *sa Ssi a n 'Solicarnent -ar ;ervca.
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"" : ' ____- . BASIC HIAC INSTRUMENTS

-{A" ,.t:-men caiegorize particles suspended size and number are sensed and .--
.n a carrier :::edium held :n sample containers or sent along a cable to the counter
di )wing in a. on-stream system bv size and num- to be displayed. Each sensor has a
oer They are categorized in from )ne to six size size measurement ratio of 1.60
ranges. with in optional capability af up to twelve from smallest to largest particle
channels. These ranges -aLre selected Dy 'he oper- Therefore, a 1 through 60 microm-

3tor Particles are measured accurately regard- etre sensor can measure partzicles from I to 60
.ess of their makeup, size or color characteristics. micrometres a 2.5 through 150 micrometre sen-

heirnstrarnents count very rapidly approxi- sor from 2.5 to 150 micrometres. The instrument
ma:.ely 4.00) particles per second' and can ana- operator programs the display channels for any
!y-t oarticies per tluid volume ,)r size distnbution size distribution within the capability of any one
ilone sensor. For example using a 2.5-150 Sensor the

L.quid containing the parttcles -o be measured operator could select the following size distr.bu-
is )ased through a -rensor where the particles' tion:

Channel i 2 3 4 5 .3
Size 2 5- 1um 1O-25um 25-0,m 50 -100 m iOO-125,m >125um

, nf r-tnets ,;perate n 'he pinncipie of ' .55 -- -

i-crr r:.scKa.le k conz-art ,uiput trom the pnoto-
:t,,,e -.,m, -'ained b passing a lght through a - -

:x~e'A -.o Di ohroIloie. As a particle - --

j .r, .m un! ,ii .o-t - irort:n ,al tO .i ,ize - -.-,-, xed I'. .FP{_wri .:e-,(eul -fv ,C entr t1O11 te,.i " ,.:: ~
, -I 4 ,0 puor'ic:es seo,,nd,. here -- -

,r e a S !i : .*2 !. e -e l " ',U zo n e
,, tt , ":1j'. .-3~ acn ! s5 ize,_, r.iiP, dru,,,sa

" - " - HLC measures the maximum area of the par.! ,Z2 ......-, .,,,,, ,... e. .. ..... "":"-,• ,,.I__._ Lecle exposed as it passes through the measunng

zone.
The area is equated to spheres in the HLAC

., ,calibration tables for a single dimensional refer-
ence.

-~ "'Ac

.k you 'an see. the microacooe measures ail these par-
ticies as e ing the same, ,vnereas the HL-VC measures
'hern a. betog tir'erent oy the ratio , of.eir area, The
i-.ILC me~a~> 4'.es more information about the particle
and a -ertaifiv , more reali.tic ipproacn o measuzinn
n. ictaiii size ,i 'he Particle

'r2 (A-22
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1 Ne .wni r,

2.)i 1.2" meterog L

* .i .. i ir to i :ed
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_Vla 0i , e 1w minute.
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eMAlf o' co;ri m an of .

york ~ : tenie he yiiument to
:)p ,-te to rmn -. e evtetr

toei.......ingi he 3ampler it

,crnim,. i~ i!- -ltough the sensor w
ocated oxri i . :,fhe iamoier.
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H'fr isdi, * im tr muir"on, * F' 'ed is'd sc"d *Raq \-,,ules -1 s.u'saer

't, 45'n, ilrd'i 'ir-, ,,ii ii''. rr see'r _. , s .a * N r Fe!,
:" kri, v 'r r- j '-~ * *.rnwc1 .j iittr iiar - )rs'mp )C-I

Miriii c!uiel Re! ,e'-id Pdaj-'' - li drauril f'ider,

As ems * I urn 5' stems * j"' H~i il i Stands
* '-.,cs Ttac-:ors Ha drialc S. tiem, . iSninte-
IC & brot * Nicker Plinti Bath, * Deiu:7red Parenierai Sorutioes * fo-4i & Beseraires
.5 i'es * ( ,nstiu.,.n Vehi~tes Hsdraulic Ss stems 'danutatuired Silicon Oils
e A\igse'i, Memory Hsdraalic iS,,si ,* Prump%
ini % us es e T .i ie Bea niisra 9 \ nnes

* EHC F.i,, F-eirs f !-ht Sots-nf, .*
Engine F aer * NC 3fCMLinerv yrui Svs;erns.

Size Cuntrol Of \tonitorine 0 I Wier and Soieis * rancer Ceril
Denial P rs -s Lats - ns* altrunist St'adrei * Orb's% icr Separation Research @ Filter
1, je ,,rnt & * nice ijj :rre . Cisc Szuif Test F eaiuatri0s * Corporeal Blod lier L£ s-a
'-lai-;ictutlstg !Ion

1 Nt'Oa erectiolvte -r pecial simple preparation as Pritout yvem
5daC~idtt' a CAlibration i

I ' L.2it nisockaze Principle )Senses selector isiitch
51 Buit-in tn'er di Spares kts

41 as anual or aUtoinvic 2,untrl. remiate isr local.
liidicaior amrps

'is Titasj Wild tijte CtieSirUcLion including photo1

ASn autemasic ste rn ii ia inir Sii ring pa'i,!es in <'aids subh a .- emoss 'a
co-re 'r. -isnees or n(itrliOe 'fld sirlr , IntiC 't iiit io'

sF, is- I\B See Sesssii,

US irtiai B-i'le Samole'
D. Lrnn -tiwe- FIs li mp iallusinents. :Cioitett
E. P-irssoui I-. b(D 'as f"inter )i FTL Ladis. C ruiitis

CAs.esories ija Remiose Osiplac
bi Remote sniolf

ici iamniiier dacta acqi~usition

da) Simulitinesi displan

Direct Jti lctronic 'heesnold oii adtiiwmeni to e~t each 'hannel 055 'etere
w~itin the qze limits oi he eniwsr

FlCorv prime -atibrared uasing Vhneical standards stif, :alibration lati
procdd

1-99 seconds

1 -49 minutes

OFF d00. !K. In. 1003K

To indicate 'sloiiatC. aimp mailuncnscns. )ptical dettssrv tae.
',I) VAC 7 ,) 47sS-6; lHZ, at) Sjatti

Size i -f,V 'CH i "D

HIAC INSTRUMENTS DIVISION P0. Box 3007 94719 IN5 Brooaes St
P3C!1C centficOcrnanvMontclair, California 9 1 71 3
P-3(-ilicSc~e rificCcrn arv eteorione: (7 14 i21 -3965
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OPERATION el s sect (a adust Ocr !Ce "fass oacng Routine'C"
ation :Dnssts o C heCking ?me zE'C -th C ear ,,are,

- Cs!'-" fe-',rec oasseg r-.,g. In' 3sa. ,i Drh' 3 :;, 3rc :'earng -'e 3a-o'C ' I
:e~~3a-0e 1 .' 3 _-'3'eO , a'''' rS'eCge'z'C)-ec S,,a ,CfnCe aeei., A C313"

Jse' 30SclC :CSCeCeC _ji , " e ;' ,:'"sa~te' mg 3rl3 -'3?C aIjuStrnent ale "orm SoC M01sneC .!Cut
,fas 'M'e,, Das 3''~ "'a e'' - a :tze.C g-r s en"m, nto '!hp nSfrumenr 3rC !ake '-,My a 'evw 'nx:es '

:1'C3C3 e!s .'-1-C SeS"-e ;-t :"3a'CI~fa- a-cChr".Sfl
'a' c.'nsr' c( ca '. 'e' 7he -:c!:a , e' casses (Cmcareo to other monitoring teCnnques "ae SSM

,eec~elj :,' -e' C"' ! ~r C- 5 "en 'c-*Aeo rC I DferS sgnifcant advantages nclucing
i''re'en s~~ Cc etorra 0Orect mneasurerrent - ,ijmejriC -Cncentraoon

lp 3r ecei ~eo :v *he 'Cetec :or s orocon cnla. !rC 'e -ass 'caaing alta' a Single One-ocint aC1.ral.Cr
7 :e3 oamic es r Ir -._ j Srream The nStr~r-errt a -near Clynamo, resCOonSe. naeoendtE rt Df Car;r e

I,.:omanca.'v Cc;,ecs '-,r '- Ve'.'a[ on :' 'n~e ase' 3.,e-
11 gra 3zari' -g Inc 'c""a .es !me 3,tor ';ra. :C 'he sze n the SusCenCedj-3odS 'arge
-c ca"! -ren's :% "ese a..'C-L" : CC"'e'C:,ChS oef"'t a True ContinuouS ana'cg ot '"a gravmet-' etOcc
'eaog a -. ,e 'nea' own-e easonse lcecencemt of avoiding the nCCzns stent 'e at.OMSMos nerween !Lr'
'grf acorcCo v Ile "Cs; jud oldity ana susoendjed SolOCS

-!a, -,g :Cce'at,cn 3 e't'e'~e'y s-'oa A zero -3d d Nio 'outine caicrasion Cniy an )czasionai zero
,s:'-et 5 '"jOe .1"" :ea?" la:e' ",.,Ig 'rougrr 'rMe Cmac 'acuired

- esamoCr ti-ear- S "-a m~C-a "o hae "s'' * lotioal 3.o' gnai 'aoraSer'lng a,,erage :a,,:
'-"3, .vrC C'n'"ous.v *"?32a ,'aa'"nf -,r ;,.S. S.Zqar oe or'CVCea :rten se'ui - :recr ng Co'*

_. -,ec C0' CS rh~a. ,t Controi Cr orocess ecorment
-I nra- ' rhe :ang oon V a Clso 3,-r 'g ;a' "'e!'iC *'-"C :'Cmoensation '.or arationS n' 'a3rS' S-

)~ ae n 3 CrOCess San'" "'zn ""'e mStrumren!' s 3r nrarfected oy C~cr fz 'Qui

TURBIDITY AND SUSPENDED SOLIDS C'-r 'o 'lie n'roCdCion -,1 3 'rue 3USoenced -5o'C

"vse '~C -eas'a"3e 9 a-a jev S,-J .,at? In'] "'nir ',ro,C,'he'e'5 efer aCyed 3 '-or, 3;.-
.SC-' :ia CC'SasC '-c 'i' 3 iC' 'Ce: sa. :;e ac i3os scmoanes 'ravi-g scaies '"a,,ec -

S I' C nh 9C elismi~ho C-et'Aeeh.Cn

1 h 3Cs: Cj.'C. anC C" are _CrnSar( Bnd rC'

3- in'. as 4z: ow s C:3a'a on CC"'CS"3C;c':C"'

'S.RTR Sr:AAt

' ttS v PSA
4/ ACreTUI inq
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Typical Plumbing Connections for Microtrac SSM
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;AMPLE N VrfAT)NiC METER ON OFF SWITCH ?ANGc SELECT:ON 3,V TCH 7R-AI :NTO

_______________________________ ___________________________

AMP-.: '.L AM )' )JT .ASR GH SICE iL:ER DETECTOR ASSEMBLY

igure 9: Interlor of Susoended Solids
M1oni tor
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LEEDS & NORTHRUP COMPANY .'nm-

MICROTAC Suspended Solids Monitor - Abbreviated Price Lit
Sales '.york Sheet

iLoad Range

I. 0-250 ppm E S3880 (-10) Delivery 8 weeks

2. 0-2000 ppm 0 $3380 (-20) Delivery 8 weeks

Sample Cell "aterials
r---. 1.1 rass/Conper Standard (-10)
[__.'2. Stainless Steel S300 (-20) Add 1 week

Window Materials
L . Ootical Crown Glass (0' -60°C) Standard (-10,
*2. Fused Silica (Hi Temcerature) (0' - 12n-C) S370 (-20) -dd 2 a,,Wk
*3. Sacohire (Hi Abrasion) j 240 '-2, Add ....-

Samole Conditionina None E (-00)
,*I. Detubbler Std Mtl [] $450 (-lO)SS C 3750 (-11)

--*2. External Sample Pump Cast Iron [ S 50 SS 7 S1150
*3. Laboratory Sample Ccnditioner D 53950 (-40) Add 2 weeks

Size " easurement Nonel - (-00)
_*I. t'ean Volume Diameter. 0-10V, 0-lO0mV Output -7 S660 (-10)

Disolay
1- . Analoc Meiter fl Standard (-10)

.-ZJ: 2 Dicital Mle Ce IM 18 -0
*3 . Remote "eters (Analog or Digital) See Catalog

- P emote Outouts
_- I ion-isolated analog current 3nd . ... e (1f...... , **-K ,

*2. Isolated Analog Current (separate cac!:ane) See Cat. - --

3. Recor,',er outputs -1tnv, 0-10 mv = Sta ar (-00)
Remote Alarmns

. .-- Remote W.indow Service Indicator Output Standard (-00)
L__J*2. Alarms, indicators and Controls. See Catalog

FControl s

1. Remote lanual Zero Adjust Inout Standard (-00)
*2. Remote Range SelectionL] $55 (-10)
*3. Automatic Zero Adjust. See Catalog

Lire Connection

6 - 5-foot Line Cord and Plug 120V, 60Hz F S15 (-66)
2. Conduit Entry, 12OV, 6Otz-D- Standard 220-60 f-] 120-50 [ 220-5- VI

(n1rio(-26; (-15) (-25)
- ~"Cufltina Provisions

1. I.all 'ount Standard (-lo)
L_... 2. ench "ount SI00 (-20) Add 2 weeks

3. Floor Stand P S 100 (-30) Add 2 weeks
Mounting

'Spares- ]W one (-00) Recommended Spares (See Catalog).
Available at acditional cost. See Catalog fcr other cptions. Prices as of

Dec I, 1978 are subject to change without notice.

TSLEPHONE 215 643C'Y ,O AC~OPESS -
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MICRO PURE SYSTEMS INC.
Monitoring Contaminants
in Ciosed Systems
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A Breakthrough in Technology.
Micro Pure S/stemns. Inc introduces a new era

in tne rnonitorng of mocro-contaminants in fluids
The,- ernpoyrnent :) new :ech)nioues n 'ocusec

ultras ouno, sas ied to the eveiopmert of a
patented System for the in process detect;-ion of
particles ani oubles beiow 1 micron ;n diame-
ter Discr m,naticri between microsoiids and
microoubbies is acnievaole down to 50 microns.

This innovat~ve technology is the culmination
of years of esearcn ny an outstanding team of
engineers. pr-ysicists and physicians at Brown
University anci Rhode Island Hospital. The
MOM-i 100. featured here. evolved through an
effort tc monitor gaseous and particulate contain-
nants .n tre heiPart,-ung oypass crcuit utilized in

open heart surgery.
LThe combination of the research and de-

velocrnent endeavors of the scientists at Micro
Pure with our high quality of manufacturing, nasI, resulted in products of high ntegrty. As a result of
ts adaptability and capacit. The range of appli-
cations is s,_bstant:ai. The MOM-i 100 is the most
reilacle, accurate anc versatije inicrocontaini-
rant mcniror availabie tcday

I Mfcro Pure is interacting Wih numerous
Fcr*,,ne 500 comocan es and is actively engaged
n esponcing '-3 :her qualityv control needs
M/Icro P,.re s scope of activity and ced~catlon
* o your Q uaiir1 control funct!ons Will assure me
siuccess 3r your eflor-s to mraximize product

ell ac i/
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"~AL PURPOSE ACCESSORIES COMPATIBLE
iH ALL ROYCO INSTRUMENTATION

The accessory equipment described on this page is compatible with Royco s tull
family of particle counting and sizing Instrumentation for both gas and liquid
analysis.

M.ODEL 107 Alarm Module
Analog Alarm Module for audible signal and meter reading indication that
a Pre-set particle count level has been exceeded. Reset anid aucible cut-

Ott controls are provided. Ope'ates on 115/230 VAC at 50/60 Hzt. 
6

/,
ncres(16.5 cm) Hx8inches (20.3cm)Wxll inches (27.9cm) 0. Weighs

9 lbs. (4,1 kg).

MODEL 145 Instrument cart
The Model 145 instrument cart is designed to provide a movable mli
evel mounting for Royco particle counting systems. The unit isufur-

nished with 5 AC convenience outlets and full width storage drawer.

MODEL 129 and 129C Digital Printers
Ro'.co s Model 129 digital printers are medium speed, parallel entry
units that scan and print out data stored in multi-channel memories.
Operation uses reliable inked ribbon and standard paper Optional
ctock IModeli 129C) lime dates printed data.

SPECIFICATIONS -Model 129 and 129C Digital Printers
Printing Speed: 2.5 lines per second; 9 characters per line.
Print Format: 8421 800 formal.
Power: 11t5/ 230 VAC at 50/60 Hz.
Dimensions: 5i/1 inches (14.0 cm) H x73/ inches (19.1 CM) WXt14/2 inches

1,36.8 cm) 0.
Weight: 20 pounds (9.1 kg)

FIELD ENGINEERING OFFICES
AND SERVICE CENTERS
ROYCO U.S.A.
Boston

GENERAL INFORMATION Telephrone 617/891-5320
Terms of Sale and Shipment Chicago
Royco particle counting instruments nomic lite ot each Royco product. Roy- Telephone 312.'428-7794
and systems are priced F 0.8 Menlo co service centers provide repair and Los Angeles
Pant. Calto r hia, Al Ip rices are sub~ect replacement service to jsers of Royco Telephone. 213, 25 7-53403
to chlange without notice. Terms are Net equipment both during and after the San Francisco
30 days. new equipment warranty period. Eacm Telephone 415/325-73t11

se rvice center maintains a futfy trained Telex . 34-8323
staff and an inventory of tested replace-

Leasing Agreements mart parts. ROYCO INTERNATIONAL
Leases with optionl to purchase are
available to meet the specific require- Rearlbradprsaecagda eiran H-airley. Ltd.
ments of each i-ser You are invited to Rearlbradprsaeoire t 12 Peter Roadcontact our Menio Park Headq~uarters the current catalog rates then ini effect Lanctng So.ssex eN 15 1'N E-giand

fo uldeal.for all out-of 'warranty service per- Telephone 2815-6
forful dtaisformed at a Royco service center. Field Telex 37134

service for on-site repairs will be Itoyco instruments Inc.
Warranty charged at the current catalog rates Dennis Hasioo. Eutooean Market.ng Mgr
All Royco products are warranted in effect 

t
or all out-of-warranty repair 9 CambridesRcl. E

against defects in materials and work- labor and parts. All travel, meals and Brighton. user 8r.3.IF EngiarO
manship. This warranty applies for 1 lodging wilt be charged at cost for both Telephone. 774238
year from date of delivery, or in the in-warranty arid out-of-warranty service. Telex: 87323 H-ASLOP
case of certain major components Rovco instruments. Inc.

i din the operating manual, for the Preventive Maintenance and UemgJense Eu5pa Sae1aaeIspecified period We will repair or Calibration Servi -ce and Contracts 7250 Leonrir-2. W Ger-nyreplace products which prove to be Tlp one 12,47375
defective ditrng the warranty period Routine preventive maintenance and Tehn
provided they are returned to Royco. calibration will greatly extend the u So- Beckman instruments. Lapso Division
No other warranty is expressed or in- fu out-of-warranty instrument liae.fThisaP90.34so 3lA.
plied Royco is 'not liable for conse- service is available on a demand" l~t5 aiona5e4usA
quentiai damages. basis or under service contracts. For :,ndoh industries itO

detailed information, contact your local I '3 i~gashi.Mihem3Chu
Royc Sals ofice.Oh a Ku. T oiro. ,aoah

Maintenance and Service RyoSlsfic.Telephn 4124320
Floyco recognizes its responsibility to $a 2232

provide each user with the technical
support recluired to assure the full eco- ~o

14 1 2efferson Drive
Menlo Park. Calilorna U S A 94C25
Teiephone 415,325-781 f - Te'ex 34-8323
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PROTOTRON
PARTICLE
COUNTER -

.,MODL Il 100

F;EATURES -GENERAL DESCRIPTION
*Mankes in-itu, qurnitativ [atll counW of botld The 5tndard Prototron Particle Counter includes both

liquids i!!wreination, for" visual, ideftfifleation ofleege

*Reeds any' bottle. with a 20 to,200 m n ediameter Ipf slas, and a siei~ning laser beenri for dateesion o~

-Uses scanning laser beam with all soidi statsielectronics Th 31pudIopc nt(2 4 8)hue

- Provides automatic digital readout after a scan of 10 cc the, lser tube, scanner and photo detectian electronics. A

in approximately 15 seontds front panel knob allows setting of a particle size threshold

- Detect the number of particles above a manually set limit between I and 100 arm. Particle counting and
threshold between 1 and 100 jim illumination are controlled by front panel pushbuttons. A

- Can be used to count particles in liquids flowing through simplified schematic of the instrument is shown in Figure 1.

transparent pie The laser beam focuses inside the bottle in a 2 cm longI
"sensitive zone" as shown in Figure 2.

The secondary lens picks up scattered light (in the

APPLICATIONS annulus around the target) from all particles in the path of

Qualty ontrl o hyra-j~c luid & ilsthe scanning laser beam. However, the photo detection

P Qalityl counto of hr fl ids &01 electronics only registers those particles in the "sensitive

* Paticl cont o ai lilerszone", which are larger than the size specified by the
*Monitoring continuous flow operations through glass pipe threshold setting. Usually, dust particles on the bottle wall
*Inspection of pharmaceutical solutions do not affect the count, as long as the well is not in the

Quality control for bottled beverages avoided.1

...and many other applications.

c - 0-

Fig. I Schemtic nf Paricle coujnter

72 (A-42)



SAFETY
The ase, us->ii -)

i t one I,.t ii .'r-

primary ens V .r.l i.

so - Di-v sred r;y ti' r ys , tnel e E-r; -- is n

-7 ------------- has reconmmlrtuo'- !: a r

and OSHA' cew s' Vill Ie q,

totron Partin-na Cokn-- I -

I ~ regulations

SPECIFICATICINS

pig. 2- 8.v iir Cw lc.

O)nce the count button is.ushedl. The revolving laser beam, Power . .' -i -' -i-

scans a ; ti volume of i 0 cc in 15 saeonds, and the digital ,a '0 . -,T -- ,'1
riiiedout displa'o the average numberot pacticlee. with silos -. #Lodr

above the threshold limit in one cc of liquid.

Btaking Meuential measurements, qualitativie siz d - Dsay.......-dIit

tribuition data, can be dueveloped, oS' the threshold, selector 014tputs.. .. .. .. ..... onnies'nn,,S Or-sn~e.'-i -I ~ ~~~~cani be locked to, provide, statistica- quality control data at laii J-ner 5

one sstringi. 6r pultese 4t i-ia. zer

Bottle Size 20t 20C'n- 'soI MAINTENANCE ~~Bottle Materiail s-samnn ''

'he P-ototron Particle Counter is hilly covered by a one ola-c
sear arrantv and the laser life is rated .t 10,000 hrs. The Read-Out Voiume . uc -s i-a 'ariantry includes replacement of the illumination lamp and

3 ~ ,ie~ 'aser tube. Other thanl such normal replacement, the DeetbeWrne i- n i

-I' .is ,taiiy maintenance free.

* ~OPERAT;GN i, t

T he -noerasci, of th Orrto Particle~ Counter cosit ORDERING INFCIDRAIODN
of rnree steos !1 I sritly agitate the Sample of tOottned

g '~icund to) oroduce a uniform suspension, (2) Place oottle in The Protcitr-in Pit cbS r -a - 'i--

I ~the 'V" otct, and rotate to a point where the laser beam from SoectreA C Dnrtn - S'y ',so -e Pase't -nt"
5enters and !eaves unobstructed. (31 Presa thes "Count" an notion to biuy plarn' 7- ,nrgnqe " -s -

button. Witrin IS seconds. 'he total oarticle count per cc it '415) 365-6567 Qujamoiti scon.tsis trs vn.? -

ditspavid on the nigital rsadout,. n-ore information, virite , -,311 Sc.,rpx n- orat'cn'

In addition, by pressing the "Illuminate" button, a light m
table may De used to visually detect pairticles larger than Q40
microns. The light Table goes off whern the "Count" button
is pressed.

i i 3594 HAVEN AVENUE, REDWOOD CITY. CALIFORNIA 94063

I 73 (A-43)
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CCO RA~tN ~ 354 HAEN AVKNUE, IR W0D0 CITY, CALIFORNIA .063. (411) 365-56-7

PR ICE
QUOTATI ON

LASER

ITEM QUAN-
NO. TITY --DOSCRIPTION

1 1 ILI 1000, Particle Counter (11ay) 67000 .$82 00.O0
including: (1) 6arrying case;
(2) 3 bottles ; calibrated check
suspensions (3) neutral densityI

2 1 Particle Profile Attachment
Model 3. (Microprocessor with
"mass distribution" and "settling
scan" modes.) . 67008 $5500.00

3 1 Opacity Meter. 67012 $ 350.001

F.O.B. REDWOOD CITY, CALIFORNIA .. I
THIS QUOTATION IS VALID FOR 60 DAYS

8"1179 jmh/amk
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PARTICAL U- J W . i~-.-) CIT CAI 4

NPPLICATION NOTES ...................

CLASSIFICATION OF HYDRAULIC FUJII)S

Several standard classification systems have been estahlishcd for hydrauilic fluids Ld-u
their particulate content. A typical one recommendled by SAE is NA' b33wihsa~-

concentration limits for particles ranging in diameter fTomn 5 micrometers love mVCVU iir,
TIhe Prototron ILI- 100 provides a quick method of establishing the class numnber of ant uolcv

First a 200 ml sample of the uniiiul ,1paced In a 250ml, beaker and stirred to estaNUish i
portoulat i: rb A06 ~ w~ to;- peau~tfor approximately 20);scurosJ"

pumbz r mber ' -' rete dian, 15, and the number greater than, 5. 1-
~tb* E swe@ r 9i~ the nunibZrof paxdcles fnt range bt-ween 50i nd

100 caa be deterrineiid.6' .n 6s(ir "eio'n each of the oth er specified size ranges can be de ic< i i
These values ire then compared with the maximum limits keeping in mnind that mav~ limi-s ar i gc
on the basis c; 100 n'illiitere.

For very clean fluids an averaged series of readings at each level can be used to ilcreace tle
statistical significance of the determinations. This is possible because the test isnu c-rrv
This represents a significan t advantage over other available automatic particle cto-in

If the fluid is very dirty It may contain more than 1000 particles greater than I
milliliter. This should be checked and if it is the case the sample should be diluted cc- i i
filtered clean solvent and the measured particle concentration correcttzi '-r ti dii fUti )T-vr rc
Keeping the count less than 1000 will prevent excessive co-incidence counting f1mm Jestrnv';nc i:
accuracy of the determination.

An example of a test of MIL-H-5606 hydraulic f'iic hich has been addedi 0. ,ing/liter ui ,N,'
FINE test dust) follows:

Size Threshold R eadin Differential Class 8 Max L-iiits
pa-Tt/mi. part/mi

5 24.7

15 35 22'-35 =192 640

35 -11. 5 = 23. 5 114
25 11. 5

11.5-2.4 9.1 20
50 2.40*.-. . .

100 0.3* 2.0. 1.36
0. 5-0.0 0. 5 0.6

*These readings are average of 10 counts to increase the statistical significance.

Because the differential values are all less than the Class 8 Max Limits we tcan1 .onclude dih.1 111s
test fluid corresponds to Class 8 of NAS 1638.
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~ 3504 HAVEN AVENUE, REOWOOD CITY, CALIFORNIA 04.063. (4.15) 365.65657
CO0MPN

*OPA Ir O~'.H i4*REX POORN"T TE

PARTICLE COUNTERS

The Coulter Couinter is designed to -count blood cells and does an excellent job
for this specialized application. It works on the principle that blood cells do
not conduct electricity but blood plasma does. A diluted sample flowsa through "4"ZI
an insulating orifice, and the electrical resistance oftelqiclm.wti
the orifice Is- Pa"sred W' thf thesw liui colmnwih

-J range imitafozr4f 0h I&iermtho an 4 qpid other tan'elec'trolyfscnb
examinee. The flow cell tl lmts' te flow rate but not as severely as. dbea. the
Coulter oriffce The lariest disadvantage of these op~ra.pril citrs isI
that the flow cells require windows ind these windows- becomie diMrltith use.

Dirt on the windows~effects the accuiay :of the;calibration and usually' f'rces. the
user to frequently clean the cell and re-calibrate the isl rment. The rapidly

o moving liquid in the cell generates pressure waves which usually limit the smallest
detectable particle to 2 microns. ZT,

The Prototron also uses optical light scattering but its method is unique in that the
- liquid is moving very slowly and therefore contains no pressure waves. The laser

beam is moving rapidly to produce the necessary scanning. This accounts for the
greater sensitivity of the ILl-1000 and permits measurement of particles as small
as one micron. The time required for a single determination of these small par-

Sticles is substantially faster than with any other counting method. The other

O unique feature of'thls instrument is the optical system which keeps the sample
container wall~s out-of-focus and, therefore, counts only the particles suspended in
the liquid. This feature permits the measurement of particulates in sealed containers.

When flow cells are used, a flow measuring system is also required,, and tire count
accuracy is limited by accuracy of this flow measuring system. The IM- 10001 electron-
ically times the scan period and, therefore, avoids inaccuracies in flow measurement
associated with all other automatic particle counters.

* 9/24/74 amk

76 (A-46)



'w~
V

A V)

U.S %jt' ~ iA A

(~P '~~: v~

S t

1i~*

I
B

4 I

A~

I YIjK I,.



NA EC-92- 1463

'A0

- C

CL

z~

oo --

C-

C,

- C

Z4

dl__ __ _C I
2n - 1

_ _ _ _ _ _ a

a-~7 (A-48)_



U I II I U i-u - - *-.~ - -'

I

I

I
I

I 4 3

I
I

C

I



NA\EC-92-1 46 I

SOUD-STATE POWER CO;"NERSION E1lUIPMENT
STANDARD CUSTOM INDUSTRIAL MILITARY

DC-TO-AC INVERTERS UPS/STANDBY POWER

MODEL 1057 300-WATt INVERTER
Economically onced and ideally suited far waneshame sensitive electronic equipment such as oscilloscopes.
chart recorders and video tape recorders, the frequency stable 300 VA Model 1057 inverter is an inexpensive
aiternaive to si newv power Tire switching-imrde wave-shaping technique Yields a ithree-ieoel step waveI
shape whch has apyrsenIetely ith sni peok to -.rs voltage ratio as a true sine want The Model 1057 ww

nverlrs are rotected against overloads, short! circuits and reversed poiarily of dc input line. Versions for
-npu voitages of 12 Vdc. 24 Vdc. 32 Voc and 36 Vdc are standard Outputs of it5 racE,0 Hr or 230
VcSO Hir are also standard Alt models are approximately 80% efficient from one-half to full load nd have a
frequency stab-lily of :: 0.5%, The Model ;Q]57 is packaged lis portable or stationary use. with a cor, I

venent carrying handle. All vPrsions are 8Y," high a 11 wide s BY," deep and weigh 25 pounds. Units are
shipped Iot. stock Single pocce price for al versions is $374 00 each. Resale. OEM. and quantity discounts
ae available Request bulletin 9091C.

MODEI= OS 7 i

MODEL 1172 HEAVY-DUTY INVERTER M

The Model 1172 is an inespensive, rugged. 500-watt square-wene innertee designead te power heave duty
loads. This Inverter will provide a 2 toI- surge, approximately 1000 watts, for high-innsh knods Such as smell
power tools, refrigerator compressors and incandescent lights. The Model 1172 is a modular inverter and two
units may be easily paralleled in the field for added continuous and surge power Versions for input voltages of
12 Vdc 24 Vdc and 22 '/dc are standaid Output voltages of 115 Vac or 230 Vac and 50 Hz or 60 Hr are
also standard. All versions are more than 80% efficient for most of thle output load range. The frequency
stability is t 2 Hit end the outout voltage is Proportional to the input voltage All Model 1172 Inverters a
7'" high A 8" wide a I I" deep and weigh 32 pounds. The single piece price of all virsuos is $335.00 each.
Resale. OEM, and quantity discounts are available. Units are normally shipped from stock. Request bulltin
1011 A. I
Wilmore Electronics manufactures other nvers in (he 15-watt to 500-watt sower range. Other square-

MODEL 11 72 wave-oulput inverters are available, and for those loads that are estra"-, wane-shape and frequseecy
sensitive, regulated stepped-wave or sine-wane inverters are also available. Please contact our sales oepm-
mant for informatoftn

MODEL 1252 AUTOMATIC STANDBY AC POWER SUPPLY
"ennus p'nblerts rosy iesult when commercial ac power is unexpoctedly interrupted to sensitive loads, sari
as point of sa leterminals. :ominnunication syt!rms or monitoring equipment, Such interroptions are becoming
mie cormonplace and many people are esporng point of use unrnterropsible power supplies like the Wilmore
Yodel 1252 to reep their systems niurating When commercial ac power falils, this standby ac power sourca
continins to suopy trnded power to Your load by switching in Ionerler operation. Upon restoration of ac
power te Model 1252 automatical returns to normalshie operation, and (nc internal battery charger t I
_oarges the batteries Two basic verrions are availasle, one providing a three-level-stepped wave appioima- 1
lion is a sine wave output and 251; wa!s jt Power, and the other supplying 500 waIts of square-wave I . - -
ocwer Standard oatterv fnyut wotages Ar. 12 Vdc and 24 Yd. A d units ame 5% high 1 17' wide a 14"

leeo and weigO 45 pounds they tan be .lailed in a standard 1t" rack or they may stand alone. The Model
1252 -vsiem consists of inverter battery c~iarger and switchoner-protciern circuitry. The battery is not
-no uded The usr as rhe fiexbhiri to size and Specify a balterfy to fit his particular syntem and desired
non up '.me ingle piece price is S575 00 each Resale. OEM. and quantity discounts are available The
Mode '252 is normally snipped from Stock Request bulletin 602 1. MODEL 12S2

NEW INVERTER AND UPS PRODUCTS
* 50 VA to I ChVA

With models ranging in power rating from 50 VA to 1 KVA. the Series 1400 miereers conesideably broeden
* rgOSuige Capabilitv Wilmore s dc to-ac product line To be introduced in mid-1980, these conservatively dsigned inveneroar

Frequency Stable represent rugged. rehable cost-effective solutions to a wide variety at needs fo frequency-stable ac power.

R Rugged ts', Lrqiweight Thee improved output waveshapa. surge-handli g capabilty, and aally Io handle a wide rang of fed powe
factors ensures compatibility with most loads, even those normally Considered to be "trotbeso"e for sod.* ilgrili Ellcieni {80% Tepicati state iveryte.

and Lw No Load Power

Consumption .oncurrently with the introduction of the Series 1400 inverters. Wilmore is introducing the Sem 1401 Un-
Interruptible Power Supplies, As with the Series 1400 ilnenls on which thIs UPS line is based models

wilhin the Series 1401 range in power rting from 50 VA to I KVA
Normally told without a bartar. Series id0l models feature a sell-con

-ELECTRONICS CO.. INC. ained batter charger Irequenystable invertr and lne-to-inverter

S P 0 So A 1329 Hl-lborough. NC 27278 US.A.
Telephore 919J) 732 9351

1oe1980 Fr u.ri.lirtn Slls Otlic Ili., 1. MAmNUFACTeeINS AND SuLc- OFrICES sIeccTY 3495
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APPENDIX B

VIBRATION SIGNATURE ANALYSIS OF
AHT-64 HYDRAULIC TEST STAND

NOTE: The 19 figures presented
in this appendix were ex-
tracted from i total of
78 charts. These are dis-
cussed in the analysis.

8
I

I
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\/IGPC VIBRATION SPECIALTY CORPORATION

I
IN0 .oqe' Road ' lhjoderphtd Pa 7911j

irh 30. ',979

" , "":-. , ... * '.ir C-26024. our engineer

. .' " .-,:1 '-*' , roe 'ava Air Stations
... <. *3,r prpo e ws t p erfo rm a

!. -34 hvdr'aulc test stands
: " ." -o 'nd fre juenc ies .

- .. .' r ; ev'.en locations on the test

o. : T, -m. Signatures were recorded
i, , a directions under idle

' v. idted ('3000 psig). unloaded
,i -!,j tare see FigureA ) shows

, , r- versus .:equency in hertz. I
irrnhmic with full scale equal

n'h, (horizontalI scale) is

7 rolution. Described in tne

. ion, total overal 1 v1brat >)n
stand operating

............................. " .:' ' : r' 'd by I tACtor of two or more
• . . ,' r. . , 1 s.."n:oi( iraI i ntegrity differences,

...........................' •rc t :*:r, h' ',britl.n frequency response was con-
in 'r ti ' -st ,ta:id., - ha t.s. 3 3 hertz was the major

DI S CmSS ioo

3m,.'m.:al: al input ener, y was measured 'at rositions 6 and 7.
re t ;i r ion 6 was ch- hydraulic rpunp ,'here loaded (3000 psig)

id un loadr-d ( zero gaugo) pressure vara Lions were tested. 'leasured
tmd rr,:'rded were the cnange in vibr:t ion onergy leve'., produced by

n me two conditions.

:t;and l 43 howed considerable increase in vibrati)n (a Iroost
'AuL'-) with l.oad (see Figzur,ms 20 and 41). Stand =1!7 shovwd very

8?, (H-,!)
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Mr. Edwin Roberts
Sanders & Thomas March 30, 1979

Page Two

little increase (about 10 percent), as seen in figures t' .in, 77
The major vibration frequency was 360 hertz, or nine ti'm>: thi-
operating speed (2400 RPM = 40 hz). It was determin-,d that ri-
pump had nine pistons working axially, which explains the hih
ninth harmonic response in all test positions. p!-d,ininantlv
the axial direction.

Test position seven was the diesel engine on both stan,i-.
rotating at 2400 RPM, with or without pressure load on the pump.
The engine vibration levels recorded on each stand were very sim-
ilar, and there were no appreciable changes with pump loadinz

(Figures 22, 43, 62 and 78). The major frequency source fr-mn tegdiesel was the 40 hz signal and the associated harmonics.

Structural vibration response was measured and its freqencv
spectrum signature recorded at five different locations on the
AHT-64 structure. Remember, the major frequency in all signatures
on both test stands was 360 hertz.

The highest amplitude response (2.2g) on stand No. 143, was
a- position 5 (Figure 36) which is the underside of the baseot the stand. A level almost equal to this (2g) was recorded inthe axial direction at positions 1 and 3 (figures 26 and 32)

Positions 2 and 4 showed levels around 1.5g (Figures 29 and 5

In comparison, test stand No. 117 had the highest repnse 71)
at position 4 axial (Figure 73). Tihe next highest resnrnse )r
staiad No. 117 w s 3 to 4 g's (still higher than No. 143) at -, .;
2 and 3 (Figurfs 67 and 68). Positions i and 5 had levels ar Atid
I to 2 g's.

The only explanation for this drastic difference in response
between these two test stands would be the way the control panel
connected to the rib structure at those points. In other aoros,
stand No. 143 is stiffened by the ribs being rigidly connected

i together by the control panel and stand No. 117 is less rigid by
being loose or possibly not connected at all, thereby allowirn
this center point to vibrate excessively.

i CONCLUSION

The excitation energy on each test stand wa similar, pro-
ducing a similar frequency response. However, 7he amplitude response
was different by a factor of two or more. Thereto P, the instrument
package which is to be mounted on the AHT-64 struu re must be able t
withstand vibration frequencies around 360 hertz. H,,wever, the
amount of vibration energy it must withsta-n is still in question.

I If we assume that test stand No. 143 had "good-structural inte-
grity and needs no further reinforcements, etc.. and we assume that
test stand No. 117 could be fixed and/or reinforced enough to respond
similar to No. 143, then the amount of vibration energy which

I 83 (B-3)
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~~~~ vcw:stdb the instrumentation would be 2 g's if mounted
:)n the front of the stand below the control panel (positions 1,2 and

RECOMMENDAT ION

Assumnptions were made in the last paragraph which we recommend
5, t.-'minated through f>irther testing, inspections, and modifications.
7h- future tests would not have to be as detailed in terms of
irpl.iency response. W11i; amplitudR response. Amplitude can beJ
nr1asuir-eId and r-corde'i more easily than the previous tests usinga

r iAduerand ain *--ral 1 vibrat ion meter capable of displaying at
iit two -)f the three engineering parameters - acceleration,
.cr_. and displaci,mtentt .

: -soculd e-timate .'our to six test stands could be monitored
in .ay, obtaininig -,le orthogonal amplitude responses at the
-in, 1eve loatio-ns -n the stand operating in the pressure loadedI
. !:,aition. it would be -idvisable to inspect the test stands closely
!-r JIcose bo , ra-ked welds or structural members. This can be

wilh thie s;ame vibration meter with a strobe light attachment.
V i, *fe' es vqerp fo-und through this inspection. I would suggest

neasures he performed if possible. In this way we would
)f similar structural integrity between test stands.

()-ir hargo s ior the engineering testing and analysis would be
:Jco )r , on-site sprvices. Therp would be no additional

11114- rial,-is -,,mpleted in c-ur t-ngineering center. Travel
Id pense 1~ .,rrei during the test p~rogram are also

-)t i he ppotliitvto rovde urservice. if

Very truly yours,

WILLIAM D EE~
---, m Field Service Man er

84 (B-4)
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ORTHOGONAL LEGEND

g1 VERTICAL,
HORIZONTAL AXIAL

4 H 4 V&A

I 2 Va1A

I3H,V&A

, H

I5

Figure A - Vibration Signature Positions
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APPENDIX C

VIBRATION RESPONSE AND PERFORMANCE
OF MONITORS AT VIBRATION SIGNATURE

LEVELS OF THE AHT-64 TEST STAND

106 (C-1 of C-6)
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V VIBRATION SPECIALTY CORPORATION
100 GEIGER ROAD PHILADEL.PHIA PA 191!"'. 121 6 )W '* , 4. .

B
August 27, i 94U

I

Mr. Edwin Roberts
Sanders & Thomas
P.O. Box 50
Lakehurst, New Jersey 08733

Dear Mr. Roberts:

I Enclosed is the report of the test conducted on tie

two oil monitoring systems as furnished by you. Wo. wou]b:

at any time appreciate the opportunity to serive you(- agdin.

If you have any questions, please call.

Very truly \O,:,.

TETIJE . SC;1{1Ant

Manager of Enc inceinu
and Techlica] SEri,:f*-

I EJS/mf

Enclosure

i
I
I
I
3 107 (c-2)
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The test was conducted in two phases; the first being

the Environment One concept and the second being HIAC

Pacific Scientific concept. I

A. TEST SET UP i

The initial test setup is as shown in Picture No. 1 I
It contained an oil reservoir of approximately three gallons

and a motor pump combination capable of delivering up to

10.3 gallons per minute at approximately 20 psi and 3.3 gallons

at 100 psi. The piping system was set up with a bypass

so that all or any portion of the fluid could be returned

directly to the reservoir. Through this method we were

able to flow from 1 1/2 gallons per minute up to the

maximum of 11 gallons per minute by adjusting the control

valve in this line. Two pressure gauges were inserted in

the line to monitor the pressure and see if there was a 1
substantial pressure drop through the sensing device. The

vibration was imparted to the test article by an electro-

magnetic shaker system mounted under a resonant beam that

was tuned to 360 HZ. The control accelerometer was used

to verify the vibration level and controlled to read 2.2 g's

± 5 percent.

During the initial attempts to calibrate and check out

the Environment One concept, problems were encountered with

air trapped in the system so that adequate flow and pressure

could not be obtained. The reservoir and plumbing were

altered slightly by increasing the volume of the reservoir

and installing a stand pipe to bleed off any entrapped air.

At the same time, the flex hoses were changed from a con-

voluted type to a smooth interior w'ill. This enabled us

to obtain any flow or pressure combination we desired.

108 (C-3)
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B. TEST PROCEDURE

The following sequence was established for both

systems. Due to problems with the HIAC concept, it

was necessary to deviate from this procedure. The

procedure used on the Environment One unit was as

follows:

I 1) with the unit installed and hooked up for fluid

flow,

1 2) the sensor was positioned on the resonant beam

and the controller on the nearby table. Oil was

I pumped through the system and the meters monitorud

for response. Approximately 10 minutes were spent

at this configuration.

3) Still in the same position, the shaker was activated

to impart vibration only to the sensor. The meter

Iwas monitored for any changes. Approximately five

minutes were spent in this mode.

4) The controller was now positioned on the resonant

beam and fastened to Lhe beam.

5) The shaker was again activated and the meter

monitored for any change. At all times, the force

input was controlled to 2.2 g's. Approximately 10

minutes were spent in this mode.

I The procedure for the HIAC was to be the same, but

throughout any attempt which included vibrating the sensor,

Iwe were unable to obtain any indication that the unit was

working. The light on the front of the panel labeledI check sensor showed no malfunction as C I the alarm. As

a last resort, a large quantity of AFD was added to the

fluid and pumped through the system for some time. Again,

no reading of any kind could be seen. As a precaution,

the cable was checked to make sure that it was intact.

109 (c-4)
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C. RESULTS I

The results can best be illustrated by Pictures 3 1
and 4. Throughout any attempt to cause a deviation,

the fluid flow test, the vibration test, the loosening

and jingling of the sensor, rotating the sensor through

900 and 1800, the readings remained rock steady. The 1
flow meter performed as designed. We reduced the flow

to 1.6 gallons and it read 8 percent of full scale. I
We increased the flow to full flow and it read 52 per-

cent of full scale, or 10.4 gallons. We repeated each

condition several times, with it repeating the reading I
constantly.

Although no attempt was made to rotate the controller,

you could pick it up by the handle and move it in any 1
direction; up/down, back forth, with no effect.

The HIAC tests were discontinued at the direction i

of Mr. Roberts, since no data could be obtained. r
D. CONCLUSIONS

The Environment One unit performed as its specifi-

cations delineated and was not effected in any way by the
360 HZ at 2.2g.

The HIAC unit was judged to be unsatisfactory since

it would not function at all.
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